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REPORT OF DR. G. A. LIEBIG.

e et

Barminorg, Scpt. 10¢k, 1804,

To the Corporation of ihe
Nuvass., Lhosphite Company of” New York :
Warrsw 15, Lawwon, Fsa., Tyeasurcer,

Amongat the difflerent fortilizers fmportal fum distanl
%l localitivs for the wants ol Agriculture, tha divers varietios of
'%:L’ Uuano, by theiv powerful influence upon the cropy, and the
390 ongy manner of applivativn, huve justly been keplin high esti-
"‘""‘ mation by the furmers, and found an extensive market.
. ",u - Under this nae, other subslances not less benefivial to the
i enlture of plants und cercals, hnve bedn introduted as™1hos-
plmtlc Guanus—ihe earthy debris of birds' deposits—and for a
“number of years the islands in the Caribbean Sea, the Qulf of
s Mexico, ulong the coast of South Amerivii, have been the main
I J;( source of supply of this article, so important for the wgricul-
2. pural developmont of our comidry, By furnishing to the munu-
facturce of concentrated manures a chiel musterial, contuining a
. Jurge proportion of phosphorie acid, An ugent mostly deriveld
i * from animal substances, nud conseiquently of expensive origin,

Pt Y-

TEME they were the means of restoring il vxalling the ittty of
st T ¥ oxhausted and worn out lands ; have inereased one ngrientta-
_ . ‘ ral produets, and thus largely eontributal o our general
2 g el Sl e m L SR VSR he e @ s &
- 2 welfare..
: 1t has been ascertnined  thut Lhe importation mtu this conn-
‘

A2 try of this waterinl during the last ten years, sinee ifs firet
> introduction- -amountinl to upwards of a humiral thonsand
++ (100,000 Lons ; Dt howuvor hsr"v thin s appears (o b, it
will Gl inko insignilionnen, w Bon companrid with th rexonrees
of the iwduad of Navassa, of o valoable phosphate to the agri-
cullural cosuuniby al Jusgzo and the manufactice of ferlilizers
in particulur.
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:fcrlilizcrn, our inubiiity to collect a suflicioncy of stablo ma-
‘nu:e and the almost exhanstod state of the localilics of tho
‘sbave named p)maplmtu, hiave rendered most opportuno the

discovery of an immense furmation of minoral phosphuto for

the duily increasing munufuctura of fertilizors, which searcoly
eovers the demand, ]

7‘( Of the history of Nnvassa nol much ean o snid, as only
truces were found, (o indicate that if, at one time, offered o
temporary abode to some Iudian tribe. Jn the year 1856,
Captain E. K. Cooper discovered the island, aud has sinco
beeu in the indispated pussession of it.

Sitwated in 18 253 north latitnde, and 769 5 west of Green-
wich, south-west of St. Domingo and cast of Jumaica, it pre-
senls itsell. scen from the windward, as o perpendicnlur rocky

" . maes of ubout three miles in length, rising some three lundred -

feet above the level of the sca. Its buw wildens Lo tho south-.

west, and extends from sonth to north-cast to a low flat level,
whichi, almost a plain, stretches in its sonthern extremity about

1+ % one wile outinte the accan.  Lhe whole of the island s, with -
Jittle exception, covered with a luxuriant vegetalion of denso

.' wouds amd _grass. Dillferent specics of the palm tribe, viz:-

= Habat Pabmetto, Arera oferocen, ote. 1 severnl varictios of Coe-

tua, some of innneuse nucs"‘/\hn\cb}und other climbing plants,.

J"-"gwe the whole the (lmractm true trupical Jandsenpe, -

** The iwland is inhabitel by about forty white men, who,

-~ under the management of Captain Louis, vork the place, n.ml

== gre provided with all the necessary nccommodations. e

" Tho rock, which constitutes the island, is o hard whito glo- ."

1

T

qfon

5 III it, is evidently w Jurassic limeatono. It is full of clifly and

t *fissarcs and interstratified with _wuinerous Inyers of plosphiate
12: 5 ol lime, tho out-croppings of which, on all paria of the islaml,
E.,‘ make such splendid show, that even a casunl observer canuot
7 fail to dincloso the fact of an almost inexhaustiblo deponit of.

this wincral.  The strala and layers, the oxnct numbor of

7. the wood, could not aseertuinad, vary in thicknesa and thoeie
physical propertion, harducns, specitic grarity and color, (from

Vieg B e e

s "

buhformu l\meslonc, which, from tho numerous fossiles found ! % Aw+0f a-rusty-color; und-otherwise-woll-onough known at present,

2. Which, wusccount of wnly parks of tho island buing clenred of - - 3§

g etd,

i E}‘.’ ‘Undor the lens, tlns mmcrnl nppcnu as a rouglnmumlo of

“ ;[opnd globuleu of phosphate of limo, conted with a thin crust
v of oxido of irou and imbedded in a sulid s, which, in the
w,darker apecimons consists also of phosphate of lime.

1 S Tho analysis below, mado of samples of different colors,

hich § ealleeted anywsell, will ahiow, that this mineral, whilst

u contuing n ||u|furl|l‘) lngh pt.r u,uhwn of pl.u»plmnc neid, m

: 'llm richest npcumous lwuq., obtained fromn beluw the surfuce,
138 ' demonstrato that it improves with the depth.

Agnin, there ure smne layers which have a bright rusty
i culor, rough texture aud are very frinble.  In theso the glo-
i,@ “bules are not so close together, and the mass in which they are
-5 ka / lmbcddc(l in alinost pure oxide of iron.

: " Theso exposed for thousnuds of years, as they undoubtedly
; .«; lmve Leen, to tho atmosplicric action, raiu, etc., beenmo disin-
:»f wr tegrated and loose, have gradually flle«l the envities of the

T‘t limestones ruck, and this formed the soft deposit, with which
tho upper ﬂnl. of* the islund, some one llmusnml ncres, in

covered.

IFrom this looso mass the first nlupmunn into the Baltimore
macket wero made. It was introduced under the nuwo of Na-
sa35 Yassa Guano—as such it was known, until Dr. Campbell Mor-
} %ﬁtphu in his treatiso on tho dllfcu.nt Guanos, (seo. Amevican
x 1‘ » Farmer, Vol. 11, No. 1V,) pronouncul it Tor the first time to
‘ ‘q_‘ be a mincral phosphate. 1t in & moro or lesa coarse powder,

i

B

vt 8 to meed further description,
$%  This deposit, of which about foyr tu five thousand tonx sro
s ye dug and rendy for shipmont, in, us seen by the sunlysis, the
1. wost infurior foumd on the island, but, T am glal t sy, it
+ formn alxo tho mnntler portion to e worked. By aproper pro-
'._ ooss, however, it cun be inrproved, raiseat b 64-65 por sont,
- of phosplinte M' tinee, nnel e made murketalde, il danired,
While spenking of this upperland, § ennnot negloct e men-
tion the existence of a number of enven there of various sizes,
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in their chuical cvastitution.

the buttoms ol which ure covered with a fine grayish looking
substance, widely dilferout in its character from  tho other de-
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%" The fuct that phosphm io ucxd isnu nulupcumblu ngonl to e e
“madntainands of vogulublo lifo wud the formation of grain, be
cning daily more understood by the furmer, I think it newds
losa tu dwell Turther an this subject, or to speak of tho ln.m-ﬁt
derived from the application of phosphatic manures,
There were n vundy of muhcml munures mtrmhu:cd lnlu

- —

- one.

The cnormony suceoss, however, attained by the use of dis-
solved phosphute or super-phosplnte of lime, attributable to -
thesolubility of purtions of its phosphorie ncid, soup establivhel
the character of itx superiority, and has clicited the extublish-
ment ol extensive factories for this cliss of fertilizers,

The importance ol your discovery will bo readily uniderstond,
from the fact that nalive phosplnte of lime is of riro occur.
rence, mainly fonnd in Spain and some few other Toenlition, in
deposits not large enough o be the object of distnut commere,
Found some years ngo in tho formation of crag and green sand.
“stone of Englund, its extraction was expensive, aml thus the
uanufacture of the wost desirable fertilizer, the super-phos-
plmu. of lime, was wanting a gource of ahuudunt supply of the
main material,

This substanee, in futnre nod Mr n tong time to eome, wit)
Lo supplicd to the trade o the extent of its demands, without
. other limite bot the Inbor on the island and the "'"l'l“"ls
facilitics.

Belore clusing. thxs voport, 1 have to insist on llm most jine :
portant fact, that the phosphate fowid on'the Island of Nuvana :
is u minerul amd not o guano, nlthough known since ity intro-
duction into this market ns Navassn CGuano,

From their nature, the deposits of guano are limited, nml
their rupid exhaustion is alrendy felt by the cousamer, hut the
larg development of phusphato of lime—n mineral snbstance— K
fornd en the 1slil \hl‘r]lw.ﬂll, gives the wotrnnee of w pers
Juanent and rich yichl,  Awn fortilizgr, the netion of the ane
moniaanl gunno is wainly duoo, bosides 1o its contents of phos-
phistis, bo the proportion, or the clements it containe for the

S B e T L Ty
. A s e f—

forwation of puunonin, Thy soirees foe this agest are suner-
ous, amd iy bosipplicd o the wants of agrieultare by many

variclion of e, blond, flesh, lish, ete,, bt the canse in nol
. !
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; ~ fsctuso of sipar: phosplinte of fima.
-5 eifoct with the Navases.
1% cosafully sonvurtin

i o':'; 1010 15,0 por cunt, of soluble phosplorie acid,

[ I . (LTI PI. "."I'.'- ! :
o PR LR S ST TS ASEIIRPAL KA WG A7 A SN SR SRVl ST R :
T T T T RS Ui, e 25 Ao IA-RDP86-00178R0
AR Dedadingg an owoved Fo Rategse 01520, CnoreR 00T7oRC
lig arno -with phosphorig ackl, aind from this fact, your prope. ' i MENGT
orty, the Island of Navades, dcquiron a valug Lhat can hardly -

be exaggeraiod, and the working of it on the largest possi- - i T IR T .
"‘;':: ble scglo, will b; the source of considoruble amd wiost legiti- -~ "' : RE PORT. - : P
,iﬁ‘..““‘nmt'ﬂ profits.. ¢ e ‘ A on Tum Co .
o T B Bussyhatic Dtnerat of Tronssn Ashand 27
ANALYSIS, o §bie Fhosphatie Mineeal of Wavnsen Ystand, ¥ .d.
I LO0sE brrosrry, : To the Corporation of the Navassa Llusphats Co.
A. Luwek Fuar, i . .

S‘I .
Phenhale of Lime.  Phosphels of Iromansi di.  Fhusph, .beid i taio, DIKg '

.
LRIV Y ROV  f - 2 Nl dotormined.....oeeenNot Dulerminod,
N e TR S "

~ The wndersigned sailed for the Istand of Nuvissa in Jaye

* Jant to make o minuto examination o ity geological formution
N . . ' . .
{0 -with especinl relation to the minoral phosphates found on it,

Ensl of Luly lay.....
1)

.

Soutk anll Bouthenst..
"o

"

Ry N, S "
B ] 2 S "
L46........5.. "

305 " - = FE%es and has now tho plensuro of muking the following 1 pnrt
e B el e L T - . .
S e 6358 M wuy Y FETAN Geographical Position and Features of the lsland
Vit Crusta,., RRY L § F—— v sessenaNot Betormined, R o 1 . - no’
e gy " :’;“:i,: clomdned. -, VY . Nuvassa is situnted in latitnde 18° 25 north, aud 1527

o7 0wt

X w3 of Greenwich, hetween Lhe islunds of Hayti on the vast sd
B. Urrer Frar—Rust Touking,

e BT 506 L veenaNob Vet ruined, ‘ Jamaica on the west, in the chunnel unl!qd-'.th.c A T T
STV B.m - oo - Passage,”” and distan! from New York 1,300 miles.
BT T prs— 6.4 - "o Ty *+ luis 44 miles in length from N. L. to 8. W., aad its groui-
« tontents Gy “'"“LN , - ’ R A 3they cst width 2} miles,  The north end being the nurrowest peint
= Not determiped........... N6t Bui omined. N o5 A A

555 v " ¢ RS it presents the shape of a poar, It has two levels or fluty—n

BOULDERS, . S £ ‘l):-( Jower oue rising from 12 to 80 fec; above the sca, and an uppor _

0.64 conrrenn N0t ditormined, " ». o} "xirﬁ +-one of 300 fect above it. T'Lo foruser Legiue abuut o halfamile

~---»-$f~:;—-—-«—-"“ ":‘:;niud--»«-----j: :f o & §iwest of the nqrthorn ond, and widoning mors and nore - L

T N ¥ S 08y . wards Lulu Bay, SV becomes heyond that point ahnost »
- Wiastud 4 foot below....,..15.66,. Not Dutormiued............Not Detarlumd, - f’t\ . perfeetly level plain, covortug, nt n fuir estinate, an ares of

> ‘B B.—Boma varlotics of tho uative phosphato of Yimo realet with groat forcy
- the dissolving action of Bulphuric neid, trcroby Dupeding tha procom of Manu.
1 Whve wndo muveral oxporiments to that
phosphiate, il fuund that it affors ne diMeully in sue-
g inte super-phusphate—samples of which contained from

o 9000 acres. ‘This plain stretchon nround the south cud, nuil
¥ ,N:j';"mnlinum on for moro than i milo on the northoast wvidy, unlil .
',_14*5 itis cut off by burron whito limestone rocks. Noar (wouth) *  :
?,g.f - Lulu Buy, n limestowmvect traversen the lower (lat, thus -

Gos viding it in two, Pho more southern one contning by fur the
: ’%f_;; greatest nuinber of neros, . :
i The upper flat s divided by reuls, or rather clevated M-
R wtone wtraty, Gescalling, on aceount of their sharp pointed

. ] . A, LIEBIG,

Y.

tar

L - z e
e N R ———

(s L g e ATh e g, G A A G 2

P —

.
R T e

: oT VI EOTAr TOCH, ] anta several Tovel ek,
s can be seen by the Mup 1Y, representing the surfuce of the
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Hluud 1t covers 1,000 acres, of wlnch ubout furty ]mvo bcon
) ","- worked, yiolding from forty to forly-ﬁvo thuusund tons ol'
.. phosphate of lime.

coral reel shoots out to the westward about one hundred and
filty feet, on which the depth of water is Imt twenty-seven
feet, with fiftceu futhoms all around it 'Phe greater part of
Nuvassa is densely wooded by palm trees aud shrubbery com-
mon o the tropics, Large flocks of son hirds of various kiuds
roust ont Lhe trees of the lower part of the island, bt their
excrements are hardly perceptible.  Tho climute is perfeetly
L healthy ; sen breezes moderuto the h'oplu\l heat, so that evon
' whits labor can be employed without injury to health. .

The only unfavorable feature of Nuvassa is tho entire al-
sence of springs. Al the water necessary is either obtained
from rains saved in cisterns, or hay to bc obtained from the

~r islands or the States.

Ve Geological Formation.

The great progress wado of Iato years in the wcience of
zeology, hus made ns 5o well acquuinted with all the' rack
. formations, that it is now w comparatively easy maticr to de-

they belong.

,3;;:' .- limestone, the best prescrved nro Pecton Personatus, (the inner
’2;"‘,‘_,'-_ .#ido of them,) Gryphaca Yirgula and Aunnonites Strintulus,
kN in overy rexpect like thase xo frequently met with in tho Jura

fore 1o the sccondnry formation.

Sy

27 It is ol white colyr, has an
AL+ unoven, rough fructure, enclosing somo round grains (volites)

, - and apparently o great many small sholls that cannot naw be
classul,

Thin island was, at tha timo of its origin, under the lovel of
the sen, whoro the stralan were sucoossively duposd in a mare
or luss horivontal pusition.  Alor n slentuan of o compact
limestons hued lavu furmad, layors of phosplinte of whonina,
phemphate ol Time  aud globular lime, alternately changinge

b
Pl B
R

DR U
et

.

termino and clawify the different strata and place them where- -

Among the many petrified shells covering the joints of the _ -

sl =—ayutom-of Europe.- -TFhe- limestone- of -Navawsa bolongn thore--

* & Tho water closo to tho shore ia very bold, twelvo fathoms -
% decp, exeepting a point near the western cxtromity, whore o

-‘f:‘ by plutonic power,

- minerala appenr in uests of very irragular formy wnd sizes
~ shown by sketch 'C.

o'!'tho former.  This provusa lms no doulit beon f'mng on for

‘v * “Jnany ages, as tho great uumbor of strats of which the Isluud
: 1' s (.ompueul demonstralg-—ns they stamd nuw quite porpendic-

Their strikois 8. to N., possegsing a thick-
! vl b
ness thut varics very much.  The strangest appenranco in the

ulur, it is Drther evident thut they were nflerwardy upheaved

. white limestoue ure the vound holes, from § of an inch to 6 wd

8 inches in diameter, produced probably from thoe snanntion of
gases,  The sides of these holes, us well us thuse of the phos-
phatic bals, are covered with @ crust of puro phosphate of
limo, renching a thickness of over half nn inch,

The rocky kind of phosphate contuing w few gring of yellow
and blackish sand, but no remains of tossils of wny kind are
pereeptible, having donbtless been destroyed by the netion of
the hieat that cxistod at the time of the upheaval,

On the out-croppings of the limestone glratn, the phosplntic
ey 0
Tho greater prirt of them =den conaila, -
ably iu descending, and are tinally ecot vat. See sketel, D, ]
am, however, of opinton that, by rewoving the limestone in-
tervening, similar nests will be found awdprneath, ny it must
bo tuken for u certuinty, thut the phosphate of Yime runuing
parnllel with the steuta of the carbonate of lig, will extepd ny
far aa the latter, w presumption partly proved, at n point right

. loss Lo tho level of the aen, on the N. W, sido of thy istamd,
.. whare tho surf hus washel away a part of the limestone amd
exposeld a lurge stratum of rich phosphate; ot o distonco of
v" aver 250 fect fram the top of the island.

Ou the lower flat the groyish phosplinte is predowiinant § on
the npper one the raldish brown. At innumerable places the
hard lllll‘\'(.()lll]ll)‘ﬂ‘(l phosphints of time crups out, from which,
as woll uy frogg tho fine, sunples have been taken indisérimi-
uatoly by Docta? l.wblg for the purposs of obtnining perbect

uml correel avernso vnes, .
Working of thy Phosphatic Depesits.

~ Tho working of the phonphate of e sy e couiifivieo.
mnd, nhaut nine years wm,\»ruv«mlc-ud) horw enmily niad ehinp
thin mineral can be seni to ket Pick wad shovel ke e

-

T - - —— ’ﬁ - ————— T - AL o
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34.'_’:’; ’a.,iit‘h:. many small roots &nd fibers t'oj‘hjlépth of two ortbrca

;10 form of ronndish genius, wanting only to bo loosonod somo.
7 what with the pick to fucilitate the shoveling, Most of the .
.t"zg‘-‘;?,.foponiugu, a8 stated wlready, increaso in sizo, frequently to a

g considerablo oxtont, a singlo ono yiclding muany tons of phos-

20 phate; a cirenmstance that makes it very diflicult to arrive gt
3. an cxact estimate of the quantity of the fine Phosphate con-
A tuined in thew,  The only fasible plan was, thevolore, to ns-
;. eerlain whal urce had been worked noar Lulu Bay, ou the
;. Tower flat. W found that from 1} acres, ono thousand six

7 hundred and thirty-live tons had been shipped to o houso in

Camleu, No I, and that there yet ramained two Inrgo piles at
~ the Landing rendy for shipment, containing at the lowest esti-
,:‘,n: “hirty-live tons, wlthough it had not been worked " with i

S care nid cconomy whichthevultigof it demanded.” ™
< iy e island possesses an urea of somewlat ove
o il and deducting from it one-

half as occupicd by carbonate

"._'!- cofTrae, it leaves 5§ square miles which are covered with the

©o7 pbeshute, Tuking only 5 miles into consideration, the <ame,
~aer ~ing to the abuve statement, will yield four millicu five

]

. ¥ v

o= e of L fine varicty of phosphate.  That this estimato is correct

».acres on the upper flat, and from which forty-live thowsand -

tho lunding waiting shipment, _ . R,
v-:Among the finc-grained phosphato is found great many
- Joose lunps, and in workin
| 1’7':-1»““" minoral assuines o hurl rocEy natitro, . ;
e | vo stated nlready that tho'hard phosphats is visibla on’
.;.'J-,;-;um surfiuce ub w grent many places ; ghould it prove by analysis
i:" 10 be guod, thew it cun be anid, without the lenat exaggoration,
{ =5 Uhat this mineral in indeed inexhawntible. '
v o Lhe cost of digging and wheeting a tow of the dinintegrated
;ﬂwqdudu, L estimnto nt oma dobyr, "This work cin bo June-
veued, and conseijucutly rande cheapor, by laying raflrond tracks,
the constenction of which, on account of the level niture of the

1, small cost, especiully if the rail

¢
»
N
3

U 4

chis; hos been- romoved, the disintegrated minera] appears..-.

wale five handred tans, waking two thousand ouo hundred . .-.

el and fifty-four thousand six hundred wnd sixty-si- tong -
v s further proved by the quantity worked out from not quite 40 ,.

L al

3 ons were obtained, of which about five thousand tons lay nen: i3

.
ey
g mat
v

Y R

' - '.-‘
r 1l square 4 ¢

]

g
e

g lower down in most of the nesty;~ - - B

N {2 S
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yaecr i Tid on woodon tracks,’' The two shutes, from whioh the
Shat . ' A '
77 bouts aro londed, will bo suliciont for s long serics of yenry:
'-1.';1 and as protty ncar all other nccommodutions, such s housos
P

‘e for the lunds, for storing provisions, for eatching ruin water
SX' in ciaterns, aro put up, tho working cupital need not be lurgo.
gerel - In conclusion, I wish 1o remnark, that the harbor of Nuviwsa
ot
HEECER

+.i6 nn ordinary trade wind harbor, It being sheltered by the
,%}-"' adjucent mountainous islands of St. Domingu and Cubn from
I 'k.'?f';;‘jllcuvy goles and seas, is much improved thereby. Uheve wro
%05 no recls or shoals nenr the ieland that woull mako shipping

"p?;",.- dangerons, und vessels can hanl close along side of tho ddiflx,
- il thoy wish to dv 80, as the depth of water wll nround the
,n' island. is twelve fathoms, und the sune depth for amile or oo
| from it, with but little variation. Tho fucilitics for loadipyg

i Owing to the liffs uinyg

tivesscls aro thereforo very wuperior,
& about. forty feet perpendicular, the phosplinte can be shutel
i"%:'quent.ly put on board of ono vessel with ouly thirty v furty
suon aud two boats. :

. Taking into considerntion the immense quantity of plios-
" phato deposited on yonr island, the grent ease for digzeing anl
{7-loading, tho short distance th o muvket, Mo givine ant of 4
2. phospluatic guanoes of tho Catibbeun sea, the scarvity of it in
g*jf.nuluro, and the grent demand, which will e almost unlimitud,
3for the manufacture of super-phosphute, it cannot fail but that
‘?;,Navnm must Lecome the main sourco from which this mincral
2Eman ba suppilied.

B \" #:?,:?"'"\Viuhing you all success,”

I romnain,
Vary respectiully, yours, -

“duwn in boats and launches.  One hundral tons a day nre fro. .

[ o0 Tt ade tudi e B

N
£

éﬁ%:"& AUQUSTUS II. FICK,

'S_ 'E‘ Mining Engincor. Wl

P S
e Lo ;

’ 'el RE

| E

k5 (

2 .
Declassified and Approved For Release 2013/07/29 : CIA-RDP86-00178R000100060011-2



' - T dwrwret via. o il OVEZEAS K
Declassified and Approved For Release 2013/07/29 : CIA-RDP86-00178R000100060011-2 =i ©

a2 s

"
»

-

-

e g el e e
R PO P S
"suﬂ?“ ‘lﬁi‘ e T S AT =

L4 RV,
e o AT

e v s

—~—

; 715?;-".&;&:.' g
‘H’:’-:“""r“-f R e Ik ez

-y

o s e - il
» » > 3 (R e SN PR e * o -~y 7
gy ET ey IR Tt TS ST ) R n"
Viaaaie i SO G LURIRE o - XN WL e A e = o v T -

e e . ¥ ' ?“_‘ttr;;f‘h'
e AT g e S LS i T oot

_ +  Declassified and Approved For Release 2013/07/29 : CIA-RDP86-00178R000100060011-2 ##. n7 coa I -

AT VOTH




MnnAnM’\/\A&\nr\At\ﬁf‘\ RSN :‘ h\ “"-" R ‘Il U - o Lo
“’_\‘wm*wm’“"‘" Dedlassified and Approved For Release 2013/07/29 CIA_RDE’86 00178R000100060011 2 e

“ "‘-’,--._!-y ' ,.'" H.!"fve.- : ,.u'._‘_\«,:‘. St
OCCASIONJ\L PAPERS ON MOLLUSKS
Pullishesl by o \; '._' .’;

The Departimont of Mpllhultﬂ- “ _
Museum of Comparalive z.oo}qqy

JUVI‘ IG l!)h

TEIT LS LTSSt T
|

Cambridge, Massachuseilﬂ ATFE L

S
This new |mlnlu ativn will coplpin rqmrh on- m\w n|n Aid, ¥ ,'_-,,.

hinhibliopraphic shetehes, eatalogurey of Tamllies amil olinr datn

un nmlhml «. N owill be world wide in donpey encly: nplier “"

complete in itself, and will nolin any wny llu')"( n(c lfn. ﬁhf

emerdd 'H '“”\"‘\”\"\ - ' A W

3,
1 is phomed to fssue aliont 100 to I'S() pnm-g l'”’ Ymr, »'{ -
nombiers to be issoed at irre |_.||lr|r intervaly), ¥, 2

A subseriplion price of $’ 50 per 100 rng(‘u p3 be ,p sl
Lahlished, a sliphtly higher rate for imlividual numbers lmd L I
mininmum charg of 25 centy for any one yuuber, FER T

Subseviptimes shonld be wnde payahle o

WILLIAM J. CLENCH

Musevm of Compnraiive Zovjogy - 1 e

Cambridge 38 Masqachusjonsy s

e,

RTTENTIONY -, ). w '

' ..v.-.

Collectors, Dealers, and Mu';oums

We supply Marvine Shells, “Catseyes” uml other Mnrim'

Prodoets, Al nive speeimens, eleaned i - polished, no .
“Dead” shells or rubbish supplicd. Send for pnrliculnrs nl'd "
Jrrices, AR '1‘
N .i
N, C. MACKENZIE- HUNT »,’;'{ e
Nabhouwalu, Bua, Fijt L ,
R H ¥ i T S - + et - s o AR T coe
: ' 4 I sefit Tavares, Flovid
SIS DO P UL FTLL Y FID S DAL b '! ‘ ‘ Pave 1L Rewn, u uher and l ' Favares, Florida
. X ', T ‘ - e et e
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HARVARD NAVASSA EXPEDITION i

By Wiernan J. Ceenent

rare apportunity way offeend ay lo virit this very small istand n the
Dran Sea during the winter of (02910, Litth: was kupwn af ity fauna
Hifieully in 'cl!!ng gven genernl Informa-

il dvinsids

fora and we experieiced s
ahout the island.

e party consisted of mysell, 1L A, Rehder and W, ¥, Schevill. Wy
Hoston on n United Fruit stenmer for Antilla, Culin,”dod then cronstad
pr Cuba by Lrnin to the United States Naval Basg al (Jpantapnme,  Ar-
ments hd been made for us to use the pavy Jug, e Manteatm, the ex-
son Lo st e cost of the fuel comumed. Whely we reecived the hil]
b fuel, we were more Uing greateful to the Novy that !|u-.'y fdn t uf'[crui
battleship for e trip. . . .

tavassn is o sumll rocky lsland, approximately 06 miles south of Gyan-
e, Cuba,
It is n littde over one mile at greatest dinmeter. ‘This Island bs
westone formation and appears as an clevajed sub-civeolar reel. It is
Jetely honeyeombed with deep holes and supports a rather seant xcrophytie

vaniola,

.
HEO

and about 30 1niles west of the south of Tiburon peninsula of -

Wion that iy noything but easy to get hrough. - Coclus s plentiful and

< than urdinurily spinese.

in the afternvon of December 20, we stenned out of Guontanamo fora .

weeke stay on the ishaind, At 2:30 the Tollowing morning we sighted Na-
A Light 25 miles ahead and crvised along with reducal speed, awailing
brenk.  In the carly dnwn our ohjeetive appenred to be a land mass of
narrow limits, rising only a short distance above the sea.  In ontline it
abled a4 gigantic stenw hat with o low fist erown,  Fortificd with a hearly
Liast. we went on deck and foum] we were then only a few hundred yards
Ye lee side, ‘Fhe Monlcalm came to a stop, our dufflc was loaded into the
‘¢ molothoat and the theee of us piled vrer side with four sailora as crew.
.

Bv this time the thn of the “hat” had changed Into rather massive rocky
cliffs.  On closer approach we spotted our Ianding place which conslsted
thain ladder running down the fnee of the rock,  When we got very close,
ot hor was ensl over, nnd with this acting ax a dragg, the hont was hroupht

Iv ondernenth the fndder. Fortunately the dny was ealm, but despitg this’

the swe e were running high enough to eause plenty of cexcitement, 'The
< be wnderent about fonr feet at sea fevel and cvery moment It looked
Lawp By the Boat would forpe onderneath the averhnng and the next swell

SINTY OUR

Y
s,
* T Vo
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aised by the Nglithopse

Two sailors In the bow fended her of [ owith vars
and st spportune monments we Look onr g in jumping for the labder, liter-
ally climbing abourd the islawd.  With the aid of s lomg rope we manazed to
pult up onp supplics to the budge nbuve In abonl an hour’s time. Shortly aflter-
\vﬁrqlu the Montealm starbed hack foe Cubn nl we were left alone on Uwe
Inlnnal. s . :
We enmped In tie patto affoxided by the Tight haose and Trom there maile
ddaily tripy o varions parls of the istuind. Fhe quarlees we: oceapicl had been

i keopers and thele familivx, but six monthy previons to
oup visil, the lipht had been minde antomatic aml these peaple were moved
e)sewhere, *

Land shells were lindled Lo Chondropoma navassense “Uryow, Helicina cir-
ewmlineala "Tryon nml Sagda gonssaini Fryon, Ihe Chondropoma were found
I byl genss nnd climbing up smadd brees altee aorin, "The Helicivg wese
Eastend wanber shaba of Binwe pock nind though Tonnd wheeever we soaoched, weee
Hasfled i putbers ot any one spot. Live Sagda cluded o until an aceidental
diseovery located them, A particularly atbeactive lizavd had made its way
down into a pile of loose small stones, I digging down some twe or three

- fect for the lizoard, we cnme upon a cnlim'v of Lhe Sagda, some 300 in nuber

ciinging to each other and forming a mass of sonils about the size of a Tist.
Three such eplonies were found in the same way.  Phis was difficull eolleeting
as there was wo indiealion of where such colonies conhl be Towd other than
by blind search.  We must have moved sbout two tonx of rock before these
three colonies were found,

* Marine collecling was not easy as it was exeeedingly diffientt to reach the
water's edge beennse miost places on the leewnrd side consisted of high oliffs,
On the windwantd side the beavy
cwells of the Caribbean made any npproach to the rocky waler Jine impossible,
We did manage to get down in three places on the leeward side and found the
usual nssemblage of West Indinn rock-loving suails, Nerita, Palcliaparpura,
Thais, Littorina and numerous Chitons, ’

An interesting discovery was that Leclaring muricatns Linme were fnr
largge on the windward side.  Here the salt spray was earried in quantity in,
their area well ahove the high water line and consequently they were more -
nctive and fed more frequently than those on the lee side which reccived bt
litthe spray and were activated only by the occasional wandering rainstorms or
“chubnsces,”

It's a “hird fsland” and thousands of boobics were nesting all over the
place, I the sl trees, on the tow bushes and even amongz the Tow vegetn-
tion, A few frigale birds were also nesting and o see tiese beastiful bivds
tlose nt hand wan n roynl experience,

At the end of our two weeks, The Moulealm nppeseed carly in the worning
and we were saon on our way back lo Guanlaname, At this latter place we

ey SIXTYRIVR

. .




MULLUSCA —
L 4 §

3 B A N TP . R

PR b . Sl e B Ty R Yok
ined for nuother week worling the shore Hng for ninch valuable mbterial. 5
o the several heaches and rocky headlands, ! ’

\ trip of this sort is always fun. Ui different and the various expo-
s enjoved hightight it wid act it complelely npart from other teipas that ,

' Decléésified a_n'd Aﬁp‘ré_\'(édil-;or"Release 201 34

arcicd aul with the wore conventional meany of. teanaportntipn: We had * S

Ued in the Navy store at Guantannmo, sl at the Umg of pup vislt, llle " ‘:'; '
canneil tomatoes they had were in gntlon slzen. We i Jn ako supplics « -
it weeks in cnse o operiod of rough weather made §t hippasible to take us '
he istaml at the appointed time. When we opencd a gallan oan of toma- -
that was our meal Torv three men. Duriog this perigd of |iuh\h wg) entfops
I becomne just a il wistful amd think of g gallon ¢on 'ut hm|ntncs‘_il|"r ] :
amd no pointy, P L e
’ (I . st "y

L

THE REASON WHY T
Tl

L wise person does ot eat oysters in the monthy wll'|n|ll. R bdeange then 5 - ) =

nrv spawning and Tlabby. Bul do ‘you know that cerlojn tinms and won- .© 5 -
o the smner nay actually be dendly poisonous? A friend of thly Muscumn
ellings s of an expericnce in Baja, Californin, which alnbst proved fatal,

he and his cnppoaates sle some seemingly delectable clams which they |

1 along the ocean front,  Sinee then we have learacd that the poison iy due  * K
1lain microscopic arganismy of the sea, known ax dinoflngellates, which 44: 7
times hecome s abindant in summer ay to give the water o' recljsh apt’ -l
mee AMthough ardinavily occurring some distanee [rom shore, they are
ionally carvicd by currents close to the beaches and enter the digestive
s of elams aml wussels,

Be poison contabued In these “dinos,” although wol harmful to the shedl-
il s highly dangerous lo man, The while meat of the shellfish con-
iittle ;. Csong it ly practically all cancentated in the dark central portion
wera, Todate, theve has heen oo kanwn ense of shellfish poisoning where |
darle meat” b been disenrded, Uhrefore a safe rhle 183 Do not eat the S
ra (dark memt) or drink Ahe Juice from musyels, el or similar
ishe From the open Pacllie const, between Mny 1 aml November §,—
tin, Natural History Muscym, Balhoa Park, San Dicgo. May 1, 1045,

' vy LI PRl

tHoyoue shell ealleeting friemds about HOLLUSCA,;we need thelr’ mp.' Eny
ton | ! .
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D TUUUTT \WHAT SHELL 1S THIS?

In the files of MOLLUSCA we have mnny cuts, some o'd, somc new of

whells, We don't kvnw yhal qn-nlvu lhey are. Somc of these cuts are in
“exenllent condition, bthers are wurh; but are 6f no use wnless we know the

specles.” Whepever n]n\l;I! wppits we i publish one or more of these cuts,

jv wiil be your job to Wlint|fy Yl s!!u“, ampl glve the general locnlity and any

othtr fauls posaible vanteriing ihts shell,

-~ . YWg arc purticularly futereated In scenring Uhe lnl'mx_nntinp for our files
“gn-that articles mny be more fully fJlustrated.  Be sure ‘your information is
:boreeet.. St 1.

T the peison pt-ill.dln.l; Jn the first best and most accuratc identification:
we will send g shell or Ywy Tor thelr eolleetion,

Pl &IXTY-SL LY

v e PR B . o [

86-00178R000100060011-2




- e e et < a A o= ey e 3z o
"'wm%fr&%ﬁ:wﬂf-;,ﬁ T R B R T S NP S M B St 9L
e g P e LRI T AR L HA

. SEI5E Dedlassified and Approved For Release 013/07/29 : CIA-RDP&6-00178R000100060011-2

;R

l

paign started against the Church.
TILE CHURCH UROBLEM IN TIE UKRAINE
In connection with the Ukrainian sepa-

ratist movement, a group of Ukrainiun

public men raised the question of the of which it often compensated. w';
separation of the Church of the Ukraines Lot there be no ntisgiving ; the Church b
from that of Russia. It was decided to has aided Russia in every crisis. The ~ ke

20

summon a special Ukrainian Church
Council. As Regional Councils arc pro-

1
THE NATIONAL GECGRAPHIC MAGAZINE 101

t It was a source of inestimable com- [n the mudst of the trials besetting the .
fort to the devoted that the people ar-  Russian people. mainly through ‘their el
dently responded to the Patriarch’s call  own guilt, die Church proves its vitality.
and by peaceiul mass demonstrations of It is HoW  reconstructing its outer forms, '
their religious sentiments largely suc- which had greatly dereriorated during the ;-
ceeded in putting a stop to the open cam-  past from Orthodox Church order. Dut : '."i'.

L

outward forms are not vital: inner life is
of far groater bmport,  That source of
inncr lite: never ran dey in the Russian
Church, in spite of the numerous defects
of its outward forms. for the deficiency

Church which even ta the nineteenth cen-
tury produced such shining lights as St.

vided for by the organization of the Rus-  Seraphim:-of Sarov and Father John of ee Pt
sian Church. the Moscow Sobor did rot  Rronsiadt, btesides hosts of others, that '-"14’-'_»;’
protest against: the summoning of a Sobor  Clhurch 1s sure to foster and develop its AT
at Kiev. anl the Patriarch sent his rep-  inner life, now that better conditions of el
resentative to Kiev with a message of external arganization are secured. }ll‘:; I
greeting. ' in the present morient of confusion HELIE
While the civil war which broke out in  in Russia the Church is the only institu- : "i.i ;.
Kivv interrupted the work of the Sobor,  tion which stands on its fcet. May not '5;;'- '
tendencics were disclosed of a more mad-  the example of the Sobor well pave the ,;";"I
erate character than those advocated by way i cYuc time for a similar trium- ‘{1;'.. ;i
the suppurters of a complete separation phant reconstruction of the Russian body o)
from &le Russign Church. politie? ’j)' / 6% ‘ /f '-;1"' i
. - 21" ? 0'; g
- / T i
- w 1 $14
AN IMPORTANT NEW GUIDE FOR SHIPPING !
'
. . . i EH I
Navassa Light, on a Barren Island in the West Indies. 1s b
: 3 2¢5
the First Signal for the Panama Canal i f
ZHE
By GroraGr R. Prryan it
. Covntisinxrs oy [ icnrnnesrey :.g :: -
- IGHTIIOUSES and other sca marks  signals a vessel is prevented from pass- -";-’,.l;i
l arc as necessary for the safety of ing until the precedimy vessel has gone ;;'-.f:.ta
‘ wraftic on the sea as are sigual lights  a safe distance.  Simlar systems arce in ."Li'-ﬂ-'_'}‘
for the protection of rmilway travel. use on imyportant canals. ,'a;h[
It is interesting to note that there are fn noryul times the shipping of the g
waterways which are operated much like  North Atlanue is operated on a double- 6. ’ '
railways. Thus portions of the Detroit track plap. with distinct lanes agreed ;".“-;'
and St Marys rivers, which carry the  upen fom- cast-hound . and  west-howmud ..':;
enormous teaftic between the Lakes have veseolos apel these langs are for safety {H“
practically been double-tracked Ly Irucz 2 e e couthavard durtng e dee- '.'_l.'.’.
ing and marking separate chanueis for bery scaean. .3:‘--’:.1
up-bound and down-buund vescls. and New Yorie has 3 spre of four-track i
insome parrow parts of this passage 1 cutranee from e s, and of the four l"“
biock-svstem has  recently been airo- whoneis siir t9 the Nagrows, the . eyl
duced, su that by meaus of senaphore  great Ambrose Channel is reserved for '.E*:'!}A
S !Y
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Hxve TOR

1Y C()llrli‘lll.l“k‘llak\' [4¢)
shipping  from New
Orsleans and  the
Gull, wlnch  must
pass through  lanes
bhetween  the  rels,
and froam New York
and the North Atlan.
tic voast, which inust
go cluse to ~cveral ol
these dangers.

On oue of thesy
dangers, Navas<a e
land. oo miles nurtli'

of Colon, the Ars
signal for the Pan
ama Canal hax reH
centhy  been  placed
On this barrcn ame
uninhabited rock thy
United Statex Light
house Service hay
buile a lighthouse o
unusual type.

The mamn route b
the canal from ou
Atlantic scaboard i
hetween  Cuba nmJ
[lai. through the
Windward  [Pasaag
and Navassa [sland
tving between [laig

and Tamaca, mark

express and high-class traffic. and saul-
ing vessels e tows are uot peswitted
to use it

i - WIHERE OCEAN TRAFUIC LINES U0~ VERGE

The great increase in the shipping -
terests of this country awd the building
R of the Panama Canal have atvracted at-
b tention to a large area which s poorly
v providud with safety sigimals for naviga-

ton.  ‘The Caribbean Sea, once known
. to fame mainly by the cploits of the
¥ carly buccaneers, ix now 2 regiom where
. ovean trattic converges from nortin st
: and south toward the Davani Canal.
- The northwestern part of tids > i3
. . atrewn with roo i norad s Goaus
wyeqed dapgers aritghted wng e osed.
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SKETCIL MaAP S{IOWING TUHE LOCATION OF NAVASIA LICIHT- the
HOUSE AND THE UNMARRED SHOALS OF TUE CARIBELAN

Coral reefs and islote above watee are Jiona by solnd ling, sub- A - roncelle
merged eecks aned shoals by dotted line landiall for vesse

seqiierit Ay
proach te this pad
sage. and is the firy

frowm Tapaon cn-srl-
ing the Cariblwan Sea Tiwe unportane
of its position with respeet to shippin
tor and from the canal cauwsed the Unite

Srates to undertake the Taibling of

flizht station of the first cliss on this it
haospitable rock.

NEW LICIHT SWEEPS AN ARER AN L.\kﬁt
AS DELAWARE

After nuy difficulties of construetin
due to the inaceessibabiny amd characidr
af the skl on Octobne 21, 1917, U
light was lirst_shoawn from the new vor
crete tower.  Lvery might e then twfs
Iweams of 47,000 candlpower have swegt

.

around the honzon cach 30 scconds wigh

clacklike regubarity.  instend ul o s

vk, which bl kewesl i the migln

" "

o
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- STEEL REINFORCEMUNT IN

to cach veetival hae.

thiz passage. threatening mariners since
the days of the ecarly voyagers. these
great rays now fash out friendly guid-
ance to the scamen of all countrics. re-
gardless of uationality : the beams of this

2? light have beea seen 29 sea miles away,
e reaxching nearly to the Haitan coast, andt
~ad they sweep a sea arca of about 2.200

x .

spuare seute miles, as large as the State
i of Delaware,

Navassa light, on this rock in the center
of onc of the principal intemational sca

assages and 300 miles from the Amer-
: wan coast. is the most imporaant light-
: house built by the Cuited States in the
last quarter century.

A TOWER TO WITHSTAND UHURRICANES
AXD EARTHOQUAKES

Navassa Dsland has the outiine of an
~oyver shell aml ic slivhdy more than a

PLACE FoR
AND LASE OF THE TOWER

ithe clilfs.

ertegrapin Sy H. U Hingbarg
THE BEGINNING OF TUE CONATRUCTION QU THF TALL LICHTIHOUSE. sUOWIXC TIIE

TUHE FOUNDATION

_ - The stedd skeleton. around which the comercte of the smer was pourcl. consists of o
Svertical sieel bare, Lbanded by a spiral of rewrrl steel Lars, with loons une fisot apart, wied

niile in area, As the island rises faidy
abruptly on all sides, forming a roughlv
flat tablcland about 200 fect above the
sea, it was necessary to baild a tower t30
fect in height, in order that the light
might “see over” the cdge of the plaveau
and not he obscured to vessels in the
vicinity of the island, unless close under
The tower was placed on the
tichest part. bringing the light 393 feet

‘above the sed.

The lighthouse tower was designed to
withs=tand Wese [ndia hurncanes as well
as carthquakes, aud the lower sections

Jhave massive proportions. the base being

235 feet in diamcter, with walls over 6

reet thick, It is built of reinforced con-

crete. one of the tallest towers vet coa- N

zrructerd by this method @ it is of simple /
aad dignificd design, bell-shaped at the
fiaze, aned abave that a simple cylinder t©
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. ! NAVASSA ISLAND LICUT STATION, WEST INDIES: SCHOONER [N LULL BAY
& =l .., ULONDING SAND
v_'; il :P: A lictle nook called Luiu Bay, with the schourer aonced to the chiff; the -« the |~ v
£ 19 ' landing place avardable on Navas-a dslund. Al the supplies and material foe the Lieheld- . o _
; T3 B | construction, as well a4 the workmen, weee beowche to the island by this litde sclhoiner. o
3 -8 r¥3 ’ was the only means of transpoetation for the year and aine muaths that the wirk wif+
p- e | B progress. ,
- 5 [
o IS Pt . . - . . .
133 1 g the watch-room gallery. The use¢ of this supplics and  cquipment: the lalforzrs
¢ '?: 2 e structural materind has cesalted i much came from Cuba and Jamaicr., and if 433
g ree FURTy more slender ontline than has been neces-  even necessary to bring from Jamaills atd
s f v ! R j\ sary i masonry lighthousces. the sand and most of the water us AT
t},‘i-,{".‘: o= _1_;“ :.A' ¢  Almost cverything recpuired {or tiiis coustruction. 1 "ty
S - Eod o J “A" work had to be hrought irom a Jistance ; The nearest ports were Coantagfams ,
TS _"‘,' . o the skilled employees were <ent feum the Cuba, 90 miles, znd Kingseon, Janes @2
R, : LI United States, togetiser wish all wcial 110 miles distant. No gook bundind < 1.2 »
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NAVASSA LICUTIHOUSE

.. Built by the United States Lighehduse Serviee, of reinfureed concrvie, on an uninhalite!
island in the West Indies. The concree: tower is 150 fect ia height The dwelling for te |

kevpers is shown to the rght ~
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:sts on the island, so that the liutle
schiooner that was used to bring aupplics
and men had to be moored under the
rocky cliffs, when weather favored. and
the cargo hoisted onto the sheif above,
this small craft had narrow escanes from
hurricanes, and there were mauny days
when it was impossible to land.

On one occasion, after being damaged
in a storm, the schooner with her load
-of supplies put back to Jamaica, and theee
was apprehension as to the food on N3-
vassa, but this reassuring repore was re-
ceived : “The last flour was used for mak-
ing bread on Friday. There were suffi-
cient rations on hand to last through Sua-
day, and with goats, wild pigeons, fish.
etc., together with a pig and a number ot
chickens which are kept here, we were
in no serious predicament.”

An unusual feature in lighthouse huild-
ing. a radio equipment, much factiiaigy
construction.

Men quickly tired of the monotonous
fife. On account of climate and dificulty
of transportation, very little fresh fodu
was available, and the workmen persist-
ently grumbled. The excessive hieat soon
diminished their cfficiency. The trans-
portation of materials from the landing
place to the site was a most burdensomne
task, as this had to be done largely by
men shoving the loaded cars on wne work

railway.

i
3

ISLAND RESEMBLES A PETRIFIED SPONCE

Navassa is one of the strangest pieces

of territory owned by the Cnited Statds.

-- It is a remarkable formation of volcanic

.~ Jimestone, completely riddled with hole ;

and pockets, some of great depdi wad

having no visibie bottom. These holes

are so numerous that one can walk only
with great difficulty.

There is a total absence of water, and
sio watercourses or lakes, as rain is im-
mediately absorbed by the cavities, Thz
whole island has the appearance of: 1
great petrified sponge. There is a growt::
of stunted trees and underbrush on this
high plateaw, and the island has sonc asi-
mal life, wild goats and witd cats, doibe
b less descended from thoie brousht "

g
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when the island was occupied, and nuer-
ous scabirds and land-crabs.

UNITED STATES TITLE TO ISLAMD RSTS

ON MUKDER-TRIAL DECIFION

Tt is a curious fact that the tile oi the
United States to Navassa Island rests on
the decision in a murder tral. Altheugh
uninhabited and long abandoned at the
time the lighthouse work was undertaten,
Navassa was for some years actively oc-
cupied. The pockets and surface of the
island contained a large depositof 2 phos-
phate earth and guano. '

Under the guano act of 1856, one Feter
Duncan presented a memorial to the Sec-
retary of State stating “that on the nrst
day of July, in the year of 857, he i
discover a deposit of guano on an isiand
or key in the Caribbean Sea not oucumed
by the citizens of any other governn.ent,
znd that he did take peacarhls posszi ™
oi and occupy said island or hey of u-
vassa 'in the name of the United tates.”
These depasits were worked by a con-
jany for a munber of yeirs, up to 1308,
and the ruins indicate an claborate plant
for this purpose.

Inr£§§g_,1bout 150 men were employed
on thie island, and on Seprember 14 of
that year a riot occurred. in whick the
superintendent and several of his assist-
ants were killed. The frigate Kearsarge
took the murderers off the island and they
were tricd in Baltimore.

The defense set up the plea that the
island was not an American possession
and that the court had no jurisdictior but
the Supreme Caurt denied this glea and
the murderers were executed.

A concrete dwelling, in the 3pnish
tyle, with a large open patio . the ct
furnishes comfortable quarters fos the
families of the three keepers who .are-
fully watch this, one of the lonclie-t of
the sea signals of this country. Thev sec
many a passing ship, but can expect sup-
plies and mail only when the supply
steanice visits the island, 2 few tiaes a
VALY

The matter of marking other da.ger-
ous reefs of the Caribbenn Sea far the
protection af the increased shippe ¢ 1%

raw receiving special consuierat.on.
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¥e traveled all doy btut falled to reach the highess settlement

July 3

we reached z

ceuple of hutg 'aﬁlere we left the mle, and nires =

courle of nativea to carry crut‘it up the steep trail waisz nad sus

=D

c¢lire that the irterpreter w=2s tznabla to ecarry anytni.._a

Ao It rained
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Joly 12
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Beaczed Iavasca av £ T ., &nd weni 23nore iz 2 rouzh sea. I fourmd L.
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g - - ) .
ely in ckzerse of the lighthousce construmotion, anfi arranzed to sty with nim
L,.Lu Iis schooner, due tomorrow, lsaves. )
) }. -
i 151
Jaly 14 | =41
= ‘.;_-.u"..;i
) .. e e e . 5
I went over a good part of the islard and foumd the ¥ailfe~crownsd Pigecs L R
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}“% isdicaton of guano deposis on
!r:;ﬁsg.,;mtn by Beatson (1816) who,
?Wtﬁ the island, obrained
“¥sr vhe-sugzesoon of Sir Jeseph Banks
E:”"”“ Nt to the cuiture of “maxped
is the widte or svogar beet™

&3 A mﬁeabuammm have
ssxrme-fertilizer on other crop plants.
‘.&u;m- -Kitsonr (1931), Beatscn re-
&mmdmbk amounts of guano
[épjmb;r Island, an islet off the west—
m;{ﬁt”dcna. Kitson also states that -

W;I&b,fumd a record of specmens. -
'é:{&%bc;ng-sentfml?. Island. o -

pspdsmcariy-as July 16, 1808, From the--
S rsatstcs (Great Brmin,,

WS&S@:J Papers, Trade and
;g;a::a:%icapp&rsthatSr. Helena guano
‘&a&m British ports rtermittently:

1860. The last two cargoes,.
;:.\,'u: 1855 and 186() respectively,.

: "‘xﬁ‘ﬁmi‘:-ﬂ.oo to £5.0.0 per ton, sug-
?‘w:r

localities in the West Indies
&}hm‘ded pbosphatic guano. The
=tom-hrstory, and ge:odzmmy of

'w.;‘imprmdc interesting problems.
,\ﬁf{:: S
.Y CLMaTOLOGY

] ot
h&-'ﬂmlc region lies in the latitudes of
'fﬁudxast trade winds. Air temperatures
g&ml high, averaging over 25° C.
‘*R;iamrﬁzbe vear. Rainfall at sea level
: «:;':k:m to low. The greater part of the
5)"’-?‘!1 ‘Axtilles and the northern Lesser
$'§5‘faﬂ within the 1000-mm. ischyet..
;_gff_'«!thern members of the Lesser Antilles
259 ese rain, but the precipitation is very
L jeesent on local factors, elevated islands
Smxnm than Har ones. The Venezuelan
& § ¥ Dty West Indian coastal islands are
- r%ﬂ not exceeding 560 mm. and
; f‘?ﬁ"‘?t‘\bcahnes being considerably less.

L*@
£ 56 oena

% nographv of the Caribbean and
: seas is complex (cf. Parr, 1937). In
surface remperatures are high, the

vro

]v

OceaNocuAPHY

e
.

Fei Lu ISLANDS OF THE CARIBBEAN AND CAYMAN SEAS

.
lutsonm:csthatcaﬂm\m) in the
Report of the Governor of the Island to the
Colomial Oibce; records 1507 that a Mr.
Cannon, phosphate expert of the fim of
Jas. Marmriscn and. Company, made 400
analyses of samples of supposed pbosphate )
bat regarded the resulty as unfavorable. Mr. -
Herdwmiman, 2 -manganese expert, comidered,
however, that good old guanmo exsted on the

P e e s
' - [ ,‘

g
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kT e,
CLR T o '
) e L e
DR D TR
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o
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|

Ar v
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TIPSR TR VY

An - et off~-the -northern coast..of Sao
Thooré recorded by Lacroex {(1906) as exinbit-
ing " the-direct: alteration of a trachyte into °*
alominmm: phosphate. No analysts is given.

]
I

mean vzloe bemg around 27 C,; corals
flourish. throaghout the region. Most of the
suorface: water ts derived from: the topical :
Atlantic, but the exact point of enoy is .
apparently variable. The tropical oceanic :
origin of this water is c!=arly responsible for ‘
the general low productivity of the rezion.
Rakestraw and Smith (1937) found that in
the central part of the Caribbean the phos-
phate content at the surface was very low,
less than 0.1 milligram-atom per liter, but
that higher values were observed in the Cay-
man Sea, along the Venezuelan coast, and.
in the region of the Lesser Antilles. The
nitrate distribution was quite different.
Minimal values were found along the Vene-
zuelan coast, maximal in the northwestern
part of the Cayman Sea.*The minimum in the

. southern part of the region is probably due to

this -

increased biological consumpton in
part of the area.

Off the Guianas and Venezuela, the South
Atlantic Equatorial Current flows coastwise
for some distance, through a regiog receiving
considerable land drainage. The resultant
access of nutricnt salts of tecrestrial origin
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1. i i.;":g:m.' -rather than in accumulation
‘: Z%’M-uimte. Thompson (vzrbal
R roRsacion) smspects that upwelling oo
RPN ey zdge of the North Equatorial
Y -

AT ! “L‘{Ew be ix:vo'i've}c’i in‘cpridm'rcnt
. B Soses Sowirg aiong the L-.uxa.nan and
}Q:h‘cmsts. It is inrer=sting to note
gz to Brown (1942), fishermen at
;@Mm that the juncion berween
N green licroral water is often
Ty eeeecactive, as is the case off Peru.
}:Té’?ﬁ-mct:r contour off the Vene-
sp2stthere is a comstal counter current,
~<Steeis probably a complex current
Dot PESgyound the Venezuelan Leeward
- fc“';*;;*ezding to vertical mixing as well
T B et wrarspert from the east (Fiedler,
2eFeand Lecas, 1943b). The relativelv
ESfexducrivity of the zrea is weil indicated
CYeddgeneral fsheries statistics published
F;‘;*ﬁ: Lebell, 204 Lucas (1943b). Al-

f';?;.i_ue Venrzuclan vozst occupics per-
SSFarsixth of the ceast line thar they
tudemd, its Neneries ocoount for an est-
LR SO0.000.000 cur of the 168,0001.000
‘_,_‘.Qi.fi;'i.mdtd ~anualiv threachour  the
Kiaageeos oe bees Venezuelan fishing grounds
Levr Yoorad the \inazuelan Leeward Islands,
E%-ﬂ-:'f:rh:cn are cozsiderert as phosphartic
5-’%_:3& Cenrral Amnerican voasts of the
Ko 27 e L . ...
ertander corsideration. Tlese grountds
- F”;:’%ﬁgexistence largel= to fand drainage.
rPumy phosphatized icualities recorded
ALt of the area are Vivorilla Cuvs.
-.,,t:'”sx_:dum-jr:maicaz ridge bLetween the
prora and Cayman se2s is marked by
- E%?g:‘banks, which are frequented by
: S5 Aceording to E. P Thompson
f}?_‘mmmunicmion), the Scrrana Bank
e = =larly reaductive. The hydrographie
i—-.‘;__ % the banks bonn-hing aad within
f‘;;‘ff?‘ Seaare t.-u'h-.'ui\" very variable
=P Aluch more vertical movement
3 by be expeeterd than in the central

‘vzﬂ-ln“ Parr indicares a large eddy south

2, and tiwre mav well be Jeaal

g belox
e are also productive fishing zrounds
o

2z 8 o0 the productive buaks, Similarly
X Borth 1 romplex oy sonth of Culygy

;::-‘Kﬁé:iﬂﬂux of water Do the Gull of
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tip of Cuba probably introduge hvdrographic
complexities that may resuit in local upwell-
ing. The Ive- westerr grounds are
largely- fished by Caymaw istanders, whose
knowledge surpasses that of otber frshermen
of the region (Fedler, Lobell, and Lucas,
1943a).

Between Hispaniola and Puoerto Rico the
Mona Channel provides somewhar better
Eshingthaamighzbec:pmiintiﬁsgew-
ly unproductive- part of the Antillean arc,
and this is probably associated with Jocal
vertical mixing (E. F. Thompson, verbal
commurnication).

OrNtTHOLOGY

As far as it is possible to ascertain from the
literature, the most important guano birds of
the West Indies are the boobies. Sulz ..
doctviaira Lesson and S. I leucognsier Buod-
dacrt. Several thousand pairs of S. lew sozeer
congregate to breed on Middle Cav ~f the
Pedro group, along with 30 o 101) rairs o
S. caatylatra, according to C. Bernard Low:s
(in 13e). He writes: "I underseand thar the
guano deposit on tlus Cav is better than nn
the other Cavs, ard I am told rhat S
dactylntra producrs a superior guanc, whije
thas of Sula lrucogaster is copsidered value-
less.” Elucidating the latter statement he
indicates in a later letter that S. lencognsicr
spends less time at the nesung site than does
S. deaylatra, and that the nesting pariord of
the former is limited to April gnd Mav, winie
the latter species i3 resting for a period of
six to eight months. Ludwiz (in Sievers,
1898), one of the few observers whn have
published information on contemporary
guano formation in the West Indies, statrs
that on one of the islets of Ave de Barlovens,
hoobies are responsible for the deposit. Core
(1909) notes only S. leucogaster from N\ve
rle Burluvents, where it was comreon, brecel.
ing at the end of January. Itis notimprehable
from Barnés' (1946) observations, that the
same species hus contributed n:uch guune 1o
the cave deposits on Mona Island.

At present the three boobics are clearly
restricted in the number of their Lreeding
grounds. In the Venezuelan Leewaed Isbineds
Cury reeonds S0 L lewcogaster on Ay e
Batdlovento, Les Hetmanis, ainl 3 atio.,
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~ anlikely that theve birds had different nesting

sites, varying with the emergence of the
land and other ecological factors. Old phos-
phate dcposlts not improbably represent old
culonres of the two ground-breeding specres
of Swla. Swia s. suic (Linnaeus), which breeds

‘exciusivedy in bushes and small trees, 19

lirnited in its disoibution by this requutment.
occopyving sites where accumuladion is not
very likelv to take piace.

Terns, notably Sterma f. fuscoia, S. ancetheta. -
wealanopiera Swainson, and A mous s. Stolsdus -

{Linnaens) form ceosiderable colonies - a.nd-.wv
“mrrght be expecrted to have produced signifi—ea
‘ot accumnulation of guaro. C. Bernard |
" Lewss (sx lia), however, indicates that on

Marant Cays, where the first and third of
these birds breed, d:e**uanod-eposxmarepoor,
and the birds maml) explaited for their

may be locally of some significance. Its
numbers presumably are to some extent
metndbvtbenum.bcrofotbers&.buds

the

versdentalis, known from all the Venemelan °
md Durch Leeward Islands save the Islas
d~ Aves and Los Hermanos (Cory, 1909), is
1 passible contnbutor in the southern part
of the Canbbean region.t

Apart from the data supplied by C.

southmm—upartofd)eregzm,bemm;'
‘thhtwohtde»kxmugroqpaoi ; )
then . passing to the Swan and
Islands, to the west of the true Caribbeg ®
"andmthexslctsmtbered.sthzt '
tbelar:u-fromwha:l‘azr(1937)hasm;"
' the" Cayman Sea. In general, all of-tha”

t.hzx:xtc:mrofb though it bas a much wider & islands and reefs represent [imestone-crowss.? .

Verernelan. Leeward, "% submarine -

i -m_,,-—'t‘?ﬂﬂ—v
- !:!*' I -c-.h

Frepaia magnificens rothsckilds

In later years the brown booby WP;n;s:”“n” »«wa
apparentlv declined. i ’h_;%;a,,..—nm
- ) » "] ,’:w
DEscrrrTroN or 185 IsLanDs, t‘g:%g%.smh
It is convenient to consider the Iucea v‘-—,‘f’-'."'s'rm
in four groups' W by

The Lesser Actilles .
T&—Vmcu:hzzn& Dws:h Lm:-tj““

,-‘?

Istanps v THBCLm,.‘GSEA um:zz*?
WESTERN REEFs-OF THE Cumzzg g

It is convenient to start a

T

ey

survey

"'x‘ At
M:;}

peaks At least the C:m.t tf‘;‘mﬂh

¥ - .
Islands indicate two periods of emerpeor:.’ o ;:#lu
sepazated by limited coastl suhm:r:-::w s ,,;*i»w"ﬂ'te
in the Pleistocene or Recent, compasablese . 2 ~ 3viket an
that known along the shores of the Greste <" =% =24 mot rv:
Antilles. Climatological data are meager; 264 3 »:; “Gtue Brv
the rainfall on Grand Cayman Istand st < i3 4 Sedvat th

per zmomw 7 ITre-cwmon of

e Sohdid

eported as about 1956 mm.

3ernard Lewis. the only population study rogra 10228~ f‘mmci
"hat gives an+ idea of the relative number of ;Urglt;ei Sﬁ:gavaﬁ:c}“ wft;?ﬁc:‘b,\\%r“%g?;
‘ea birds in the region is that conducted by Indies, and on Swan Island as about 13977 w*?’_’:‘pﬁan
Wetmore (1927) on Desecheo Island, whxch mm. ;;er annum. The mean annual W‘% "“3%“5&1:1!«
3 not an important locality for guano. In ature at the latter station is 26.95° Co 2u+aPy 2 T700
"912 he estimated the population, late in the observed extremes being 17.8° C. and 33_,@?';24*:1 :
reeding season, to have consisted of ; (Reed, 1926). f":_‘?;?fgi:‘m |
. R BT P
' P. 0. occvdeminlis Linnaeus occurs throughout the OLD TROVIDENCE ISLAND """?z?ummv nf

‘reater part of the Caribbean n-gnm perhape intergrad.
2g with P, o, caroltnensis Gmelin in Cuba. The latter
sird follows the coast of the Gull of Mexicn around
Aroogh Central America to the southern shores of the
Taribbean. P o. weidentalis is certainly found in Aruba
nd probably in Curacan and Bonaire. [t is uncertain

tich race inhalits the Venezuelan Leeward Islande
Wetmure 144,
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over 7 kilometers. The island is said to
extremely fertile (United StgtesHydr
Office, 1927¢). The only evidence that

LATITUDE 13° 19’ N., LONGITUDE 81° 23 177 0\ e 3 Klgp

A high island rising to an altitude afw"‘a»*““‘ Srie ol it

hof n&“;.,?‘e‘, BT are, a
meters and with a maximum lengt o nI ?‘"‘t&n,
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may herealter be discovered in
~ lands which cornpose the canton
&." This decree is printed in
Iev - v ith a covering letter by Charles
' ., British Consul at Cartagena,
the Earl of Clarendon in Great
liamentary Sessional Papers,
he cccurrence must be regarded

!
VIVORILLA CAYS

.- .
«~1 ! S§Z ¥., LONGITUDE 83° 20" w.

i Zentty called Vivario Cays, 2
b 1

44 Ll low coral cays on the Miskito
T AT - D
; :7=f'sypport numerous trees and

<% he Caxones or Hobbies. Accord-
-7 7 ort of Capt. Heary Coryton,
“ei Y 7a letter from Rear Admiral
" " “jawe to the Secretary of the
wed Mayv 10, 1856 (Great Bni-
mtary Sessional Papers, 1857)
. bark "Rt%oderic Dhu” (Capt.
300 tons was loading guano at
ol Cays. The work was difficult
o .. weeks she was but two-thirds
P . guano had to be dug into for
3 .. i sifted. A stranzer on the cays
lize the maresial to be present.
int had obtained guano pre-
- "t Vivorilla Cays, and a Caprain
;i : New York was said to have
- pbbres, as had people from the

-1 Ullmamn Bists Vivorilla guano
.. .t but without an analysis or

-

THE SWAN ISLANDS
" 25’ N., LONGITCDE 33° 56" w.
wreat Cayvman and Honduras

-, ) small istands. the larger rather
» ieters long and of maxmum

* out 18.3 meters above sea level.
east in part. raised coral islands
i935), thourh an exposure of
aterial like Frller’s earth appear
sreat Swan wader the coral cap

;,—'i
'.‘- 3 - -
e northwest there is a similar

Swan Ey Mtﬂ qzgers, wnnégpiﬂ)rl:uuu:‘ur :

the leaves of trees (Pacific Guano Company,
1876). Three types-of phosphatic guaro are
said to have been an upper soft
earthy laver; dark brownish in color, con-
taining phospkate equivaient to about 607,
Ca,P:Os; a. seriipetrified guano, of light
brown color. comparatively. free from water
and coazining the equivaltent of 5555 to 60%

doubtiess were

present. was.estirmated. in 1858 by a United

Seztes Government-commission &3 3,000,000

tons. Analyses were3lso published by Nesbit

and by Dietrich, neither of whopy seeos to

have bad the best material submifted to him.
Nesbit gave:

H.O 9.28%
Organic matter 11.74
Ca® 19.15%
(Al.Fe)sOs 16.12
(AL Fe)PO, 2.23
P:O; 14.52 ( =31.70, Ca:P:0s)
CO, 1.23 (= 2.79% CaCOi)
SO, 0.64(= 1.33% CaSO0,- 2H0)
Al salts 2.92
Si0, 22.15
Dietrich found:
HLO - - : 13.50% .
Organic matter and NH; 13.66, of which
. 0.57% N
Earthy phosphates 40.0
Sand, gypsum, etc. . 32.84
For a predominaatly coral island the

amount of iron and aluminum found by

Nesbit is high.

Lowe says there is also a deposit of phos-
phate at the eastern end of Little Swan
[sland. This smaller island. the surface _o[
which is much fissured, has breeding colonies
of Sula L. leucogaster (sub S. sula) nesting on
rough ground covertd with
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B Powpsr  Lumpes submcrgul bank 22 1o 36 meters deep. The Loalr
c".'v‘:f_}‘l-'-" HO 0.12%  6.30%  island is pear shaped, about 3.7 kilometers
“U$v Organc maiter and com- long. There is a well-inarked terrace which :
. Jgf' bined water 10.96 73? apparently slopes northwest, the cliff being STy
£ =5 Fels 5.38 2. 2 to J meters high on either side of the north- SETRR
i- ’EZ“.‘Y&._‘” Meuh e — west point of the island, and up to 20 meters ) i ',,“{‘
TR A0, tr. tr. . ' P ATs
AR 31.15 44.52 at the soutkeast end (fig. 74),_D’Invilliers L/ R PSS
T ERe C‘% 0. 44 — (1891), who gives the liest descriptionm of the - IEP e
N g}? :'5 0.16 tr. lal:_xm_l is not cntirely exp_hcnt on 'thc matter. ﬂ,z(&:
e O tr. 0.11 Within the terrace the island rises steeply if;\;\-gg
L3E S0, 0.10 — to the rim of a flat central area lying at about . .‘:f;_-;._l_
. “‘};{ POy 24.36 35.43 70 mecters above sea level, the maximum a1y
w23+ PO, water soluble 0.45 0.03 elevation of the rim being 78 meters. This -V
: -L‘-}ﬁ? Ch 2.00 3.06 area preswmably represents the lagoon of AL D%
S 2.42 (:'07 an clevated atoll. The whole island is stated , .};#*}r
Ty @ 2“:“ or'zs by D’'Invilliers to be composed of recent . / A3
ot Sand 0.48 0.03 coral limestone. No determinations of the \} Tl xe
g N : % fossils appear to have heen made, so that the 3 753
; -‘_.-:;‘ %~ An account of the occurrence of guano on  gge is not adequately catabhshed The upper i ;
,.-_: “ the Cayus de los Jardinillos, west of the Isle  pare of the limestonc is colored in places a .jﬂs-‘,?
G030 d Pines, 2bout latitude 20° 40 N., longitude  deep blue, but shafts dug in the upper plateau R
. 31° 300 W, was apparently PUthth by show the main materiaf to be a pure white, “(‘":’?ﬁ
. Reinoso (1359) but his work has not been  often dmorphous calcium carbonate. A shaft Y S
;vau:uk from the platecau to just below sea level .,“"’?"‘a::
Palmer (1900) indicates that “Alacran  disclosed nothing but pure limestone. No o ‘Iv’i
3V Rocksin the Carriblean Sea’” were abandoned analyses have been published, and there is 1 1?5;;,3.‘-‘
** 35 3 waduno source, because the value of the no indication if dolomitization has taken —;_‘:»::,:?

i

&posits was negligible. This may refer to

1 §3' N.. longitude R3° 27' W),
MOKANT KEVS

wnit 17728

© Alacraoes Cay, off Point \lacranea (latitude

N., LoONGITUDLR 772 557 w,

south southeast of the extreme castern end

of Jannaiva, breeding  vroumds
cembers of sca birds.
comniercially,

Indies pilut"

for /large

Epgs are collected
but, according to the “West
(United States Hydrographic

Ofce, 1927a, p. 360), the supply of guano is

of pour quaht). This is confirmed by C.

Bernard Lewis {in [ii.) who hopes to publish: .

NAVASSA

X 4 {ull account of the Morant and Pedro Cays.

" He indicates that the bird colony has been
* Jfected by removal of vegetation and its-

rodification by burning. He believes that
the guano collected here was not produced
" by the contemporary bird colony. No analysis
appears to have been published.

x.m?’um- 18° 25" N., LONGITUDE 75° 01’ w.

A small clevated coral island

PR oM }_--' B
-y by LY

. M
‘h‘“h 3

set on a

place. The surface of the island is very irregu-
lar, Leing marked with cylindrical holes and
narrow fissurcs trending north 20° west,
south 20% enat, Some of the holes are conical
and smooth s If due to eddying water.
Gaussoin (1866) noted blow holes at the 1ap
of the inner cliff. The cknnnte apprars to be
dry, with no protracted rainy season. Soil is
poorly developed,
available. The_island ia, \/
with scrub palms, rank grass, _cactus, large )l

century pﬁnta. and a few sp specxes _of _sm~il
"trces.
" The pﬁmphate deposits are purely supet-
* ficial, filling the pits and fissures in the surface
of the limestone. Schmidt (1921) supposes

that these fissures are collapsed caves; but
robable that they were formed

-

lt is more

by subaeria :
emergence of the island and are comparable
to the pinnacles and pits formed on Aldabra
Island and still more strikingly on the ele-
vated Pacific phosphate islands. In a few
cases phosphate pockets extended down 10
meters and were 4 to § meters wide, but
usually the fissures are only just wide enough

T~

\\

and no f{resh
__however, coverwl

water is

dissection immediately after the ”
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F10. 74. Map and elevation of Navasea Island. After Schmidt and the e,
- . . Unlted States Hydrographic Office. ot
T S R St
~ to permit a workman to remave the material.~ - Gaay Reo 3754
The deposits’ occur throughout the lower =~ HiO 2.335 |14.223% '-";,?5
terrace, and ‘more irregularly on the upper = = HiO combined and 7.63  fignitor A7
plateau. D'Invilliers estimated that the lower .= Organic matter Podem) o xag
terrace originally contained 366,000 to g;‘o 3; ;i 13 }(’::0 =
488,000 tons, and the upper plateau contained Alg ) 'S 425 e
300,000 to 360,000 tons. _ FeyOs }15-" 06 R
Chemic:'zlly the material of the terrace and (Na,K):0 0 86 —- R
plateau differ, the former yielding so-called P,O, 31.34 9.7 ik
gray phosphate, the latter red phosphate. SO, 0.28 1.160 rdx
Typical analyses of the two kinds (see column Cl 0.15 - N
2, this page) are given by D'Invilliers, un-. COy 1.84 357 R
fortunately not in entirely comparable form. . (v didereece) "0
Other analyses have been published by Si0, 4.33 - a3
Nesbit (1860), Ulbricht (1866), and Voelcker  (Al,Fe)PO¢ 27.71%, and (ALFe)d) 9.59% .-
(31875). One of Nesbit's analyses gave: and presumably refers to red phosphare, The <5

Cira
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F*Qtwb ’;ba published analyses refer in all probabil-

.3ty to the gray material, which was com-
_._:mauy ferred. As far as can be ascer-
i mined, thc total (Al Fe)O, content was.

VOL;

Rl . jg“ya in excess of 10%,. Voelcker gives two
oy ST pmumably referable to gray phos-
HESEY ‘*7#&_ in which he separated AlfQ, and
R P 1:; , obtaining 9.11% and 9.48% of the
s i,&, Lemer and 4185 and 4.49% of the latter
i 3 33’ Lf‘%? -;5*’5;54:, It would therefore appear that alumina
P ..“ g T hmg—b]y twice as abundant by weight as is
M \;;}*»»& uﬂl oxide, in both red and gray phaphatas.: -
v Y A ek oTye, SOy content varies from. 2.35%, to
i lr‘ii.r-\f*?-:*:’r 7§23% in the various analyses. Neobitreccrdl""
AR bt -g_u% and 0.289, N. Gaussoin (1846) states
" atma-‘tof the depoeit consisted of spherical -

:j ‘ns, the sire of mustard seed to-that of -

2 &bot. Hard crusts lined cavities- i the °

~;ﬁ “jmestone, but be noted no cr}'atalllne tnat:ri-

}g:d. Many bones are recorded.t.

i e 1a sp;te of the highly improbable-state. -
g a:nt in the “West Indies ptlot“ that the
éﬁ’&: ahnd contains veins of iron pyrites, D'Iavif>
e is emphatic that he encountered nothing
@—:ﬁ’;—h coral rock and phosphate on Navassa,
e origin of the considerable quantity of

o e -"»-p Cwe atE

Wiz
1" e
EAST m_a = ﬁqg-:c‘im'

Py

Py
& "“?:‘g? xon and alumina in the phosphate is therefore

- =% purding. D'Invilliers supposed it.to come
; frora sea water, and therefore to be more
?" ybundant where undisturbed evaporntion
£2% could occur, in the old lagoon, than on the
-v.‘\.‘f terrace. There is, however, svery
% “yeason, from the known composition of eea
‘-~ gater, to reject this view. Du Toit suggests
< that a residual soil was formed by the de-
L - composition of large amounts of limestone,;
{,‘cf—i and that the iron and aluminum are derived
AL &omfhxssoxl ‘

}

ALTA VELA ISLAND °:
2 . LATTTUDE 17° 28’ N., LONGITUDSE 71° 38’ W,

% . An islet about 1.2 kilometers long and 0.8
; ‘ﬁ, ‘Llometers wide, rising to a summit 152.4
'::'rpetu-s above high water. Cooke: (1921) .
'4*555" 72 ows the island of Beata as covered with
=) ¥ ~alluvial deposits, but Alta Vela Is obviously .
~composed of more resistant rock. Los Frailes, ™
: "; duster of white-topped rugged. roc}cs ber

L4

VI rimrnn A honnn.—-a.-

AVBr{uinr Parllamentary Sessional
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tween Caba Falso and Alta Vela, are pre-
sumably cavered with guano. Baroe de
Wimpffen {1797) observed a "prodigious
number of sea birds" on Alta Vela, “a mere
rock, with a few green spots about it.”" Fhos-
phate was worked here in the nineteenth
century, but no good account of the occur-
rence seems to be available. Voelcker (1878%)
gave four apalyses, one of which indicated
11.299, Ca() and 4.019 COy: the other
samples were (ree from calcium and ¢

bonate. Alumina appears to be the prine n;gl

" base [n -a]l specimens, and s rather iirge

amount of insoluble siliceous material was
;. present. The Alta Vels phosphate is clearly

"the . result pf the:phosphatization of an

:{gneous- rbcl:, and the chemical data are

f discussed at greater length below,

The British statistics on imports (Great
Papers,
Trade and:Navigation, 1865-1890) indizate

~ that betweert 18685 and 1876 19,813 tons of

guano were received from Haiti and Santo
Domingo. This material was obviously mainly

 phosphatic guano, usually realizing £4.0.0

to £6.0.0 per ton, though the 1871 cargn was
poorer and the last carge of 560 tons rece:ved
in 1876 was much richer, fetching £80.0,
which was a very high price for a phosphate
at that time. From 1871 to 1880 an aggregnte
of 54,537 tons of unenumerated macure,
reclizing from £2.12.0 to £3.18.0, were im-
ported, and from 1882 to 1890, 17.999 tona
of phosphate of lime and rock were received
at British ports and fetched from £2.3.0 to
£4.10.0, It is quite possible that the whole of
the unenumerated manures and phosphate of

- lime and rock actually represents Alea Vela
: pbmphate. s

’ DESECHEO
LATITUDE 18’ 23 N., LONCITUDE 67° 2%’ w

Shown by Hubbard (1923) as an nsiand
about 2 kilometers long and 1 kilometer wide,
" ristng to a helght of at least 150 meters in the

 centeri. This central hill is heavily wonded

(United States. Hydrographic Office, 1927a,
548).. The island appears to be composed
r argely - of  (retaceous shales. There s a

»"1 Pleistocene or Holocene raised beach deposit
- (San Juan fgrmation) above the shore iine,
‘compooed of gravels, formed from rock frag-

"' ments and shells, cemented together by

<.:‘ ‘-,?“ T,‘ *"‘H‘
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“wuann,” presumably phoesphatic (Hubhard).
The small quantity and mode of occurrence
prevent the deposit from being of commercial
significance. As has alrcady been ndicated,
Sula L. leucogaster, the brown booby, is com-

mon. S. s. s:da also nests on the island, though’

presumably in the wooded part above the
beach. Sterna conaetheta melonoptera, the
bridled tern, and A nous s. solidus, the brown
noddy, also have breeding colonies on the
island (Wetmore, 1918).

MONA
LATTTUDE 18° 05’ N., LONGITCDE 67° 51’ w.

Described by Schmidt (1926) as a block
of Tertiary limestone 6.5 mles long and 4
miles wide, with precpitous cliffs, up to
85 meters high, save on the southwest side,
where there 13 2 wide terrace 3 to 4 meters
above sea level. A smaller islet, Menito,
about 400 meters irr dixmeter, lies 3 miles
north-northwest of Mona. Primiavely the
interior plateau of the island was largely
forested, but the greneral appearance suzrests
great andity, owing to the porous nature of
the limestone. Meteorological data are not
available, but according to the *“West Indies
pilot” (United States Hydrographic Office,
19272) the rainfall is stricthr seasonal, the
chief wet season being February to mid-May,

: tures of ships and of their feilows dagoce o
" fram gibbets. d?::}
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The limestone is honey ot with o RN
ariicularly in the upper par T ey
p p parts of the .k*s;‘{
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Hubener (1878) indicates that the e 5
of these caves lie along ol strand |; wﬁ?'
responding to various stages in e Sirgs
The caves are warm and ttamp_nm:
water may be foundl in them for a
of the vear, ani stalactites and s
arg well developed. Where Iight enteryq e =
algae grow on the damp surfaces, 5o thowar =
whole interior is bathed in a bauzilgm
hght. In one smoke-blackened d‘-:-‘:ﬁd
pirates amused themselves by dratring <.

The phosphate depimits are (oung .’.»; o~
floors of the caves. Schmidt stasrs thx Won
phosphate is derived from bar d.—m.‘,.;‘!
Hugkes (1885) describes a uma’.:’an;,\wﬁ'
in Barbuda. Hiibener. hosewr, spearry p?
states that bat guzno s imeed 1o ¢ Y2
localities on Mora. His supposicen thayris
phosphate is derived from anirazl aoob Lo,
material from wihich the ereyae ﬁntﬂss:n,,
leached b sea water aben the mves hwg

o

sea lavel is chviges's  Criwetv. Siresl

e
inaccessible . hifs 1 Mens and the 3usd T
Maonito are. aconréing w Scmids, evem e
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EXURETION 34

ed by sea birds, it is reasonable to ANALysrs
gv;\wlz that, whatever the contribution of 'gg;::;:on: sy C. W.
‘g".*,bnu that of the bireds is also very exten- . "~ Sueramo, Ja.
;\. Such a conclusion is nhvimlsly supparted Water, organic, ete. 9.767, 10.917,
=raae. < Ca0 40.27 39.08
«.‘,4 Yo the sketeh of Momto, given by Hubener, (ALFe) PO 1,00
4‘ - o 1 oy ‘' - ’
f\‘ u,m rrprﬂd UL@(! (“h' 75). 't 13, moreover, P’O. 40.8! (toul) 38.80

that unless an abnormally large SO, . 6.88 6.80
non of marine chironomids was avail- a0 © 0.583 1.13

25 ‘qum:!usmn in itself makes the avian:
Ed e 2 5t5m of the Mona phosphate almost certain.
ﬁs_ladt, and Barnés (1946) give lists of the
of the islands. Sula l. leucogaster was

S —-x;-.d)das the most important prvoducer of

F ) yymo. Barnés noted 87 nests of the species in
Cﬁh cave czlled El Toro. Sula s. sula is
anel Fregeta megnificens rothschildi
- on bushea ar the top of the plateau
“’:;w of Arous s. stolidus occupy inacces-
2 Igcparts of the clift, but the noddy formerly
I ad oo the plateau. Sterna unnetheta md.zrwp-
Ew e and S, fusenic also frequent the island.
ok Jawxde noted bonbies, terrs, and the gull
ﬁ Varwe atricille Linnaeus dving over large
°‘°€_. a3cuis of 11na i the charnel berween Mona
g‘ "fsﬂ-“umto
royesbifrom the accnunts of both Shepartd (1882)
FMhdbcncr it 15 clear that the most striking
-?:g&}&tu-e of the phosphates of Mona and of
m was the gquantity of crystalline
. Ffb'}hm:l present. though brown amorphous
-’ﬁ;m containing organic martter also
Shepard described two new miner-
E‘jﬁ“% being the well-established species
i'r-m CaHPO,, the other, monite, prov-
7 E*00r recent examination to be carbonate-
eblndtacrlapatite (Stmz,  1939; Fronded,
gn‘i‘“‘:@‘-)}—'fhr crystalline material of the caves
.{(\A’;,&bbtb islands seems to have been largely
:‘::, te  associated with gvpsum. fmSa.xech
:' ‘presumably were deposited from a
%}ﬂm solurion in which the ratio of
;’{ceﬁ‘a*?zos was probably less than in the
,;;_._‘ &Rﬁg’nano The hydroxvlapatite in part
"»‘& t the remaining guano. A mush-
M laminated stalagmite from a

-

"'F

‘}1’9‘*

\yT

A

2y
U)»

7 L;‘[’;’

Dot be ('onfused with Mooos Istand, off
there ie v rrule remarbahie Fnlnesy of

E e
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oran abnorrnally great number of fish-- .

bgtsl were present, the phosphate of ;-
cannot have come from t.bem.. .

.elevation

oy 2 these islands was analyzed for Shep-
"}?Am) with the fol!owmg resuics: .

As. Sbepard indicates, .the molecular ratio
CaQ:P;04, after correcpon for gypsum, s
1:0436. The: material iy pmumably a mix-
ture of monetite and ap apatite. A sample
of Mona guano,. analyzed by Goessman

. (1892), indicates 2 morg normal phosphati-

deposit:
H.0 ‘ 13.327%
N : 0.76
PO, 21.83
CaO 37.49
[asol. 2.45

CAJA DE MUERYOS, PUERTO RICO

The “\West Indies pilot” (United Starrs
Hydrographic Office, 1927a) describes 2
Muertos Island as 7.2 kilomes:ars from the
coast. 2.3 kilometers long, and of maximy=
741 mecters, situared abnur l"
kilometers southeast of Ponce. Gile and ¢ ar.
rero (1918) record guano formins a donos:e
apparently nearly 2 merters 16 feer) thick.
northeast of the l.ghthouw on
They indicate a mtroo,ven content of from
0.219; to 1.329% N, and a phosphate content
of fmm 14.38¢% to 33.449% P.O;. Of fcur
samples analyzed, three contained over 31,
P;Oy Stutzer (1911) states that the deposxt
contained 140,000 tons and savs, on the
agtharity of Jurmeau, that the guano consisred
of a loose, light brown, earthy material,
containing darker, somewhat more phos-
phatic lumps.

VIRGIN ISLANDS

Heiden statss that phosphatic guano was
obtained from the Virgin Islands in the
nineteenth century. Though nothing is knean
of the occurrence, Guana Island. about 1.6
kilometers west of Greag Camance, would
seem to be a reasonable squrce.

rhe cav,

TRE LESSER ANTILLES
The Lesser Antilles, or Caribbees. are
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_%:i R I ™ - unfortunate that so little is known g&’;‘-‘: pﬁ;‘*m“:l:’

=23} HO 1.10% - 3.39% , extraordinary deposit, which probadly #8557 a BRE N %

=3y Organie, - Cees 0 TR v o e closest analogue in some of the deposiis#y 373800 A

;,;"-_1" NH, ul.ltr 3.72 7 7.93 (orgi+comb.' . the islands of the Gulf of Ca]xl'cr:ua.’*’"*w 1\, Herma.

3‘.}‘ €20 - 40 s * % HAQ)  San Pedio Martir and the Farallon d-&ﬁp £V Y Coatineila,

N 4 E 1 i . 134-132). shilla, N

3".1 30 2.83 . - gracio (pp- 134 ) 3{3 M~ de Da

L ?.;:30 o CHRONOLOSGICAL ASPECTS OF THR Cwﬁg ey -‘W ce Sor

S RN FeDy - Q o Dzrouirs or THE CARIBBEAN 4D, ;,»3{?’ V::n:.?ln

i I C,SO' ; ggg : In view of the lack of informatioa e Msaire, P

BT §0y 0. 49' = .. mahy of the localities, it is difhcult Dﬁ"b&r 'i—hltCum\

= ET N' : T0.08 .-y sent the data that are available in dé:’a!‘:uf»—e..&ﬂm A

% AR e .- categories. It has seemed, thersfors, 5"‘{,, ;'\"'
' first to list the localities-that have beef T "’"& ong:
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Aﬂowmzz ti:e MgO as Mg;P:OI and the SO& i

as CaSO,, thess analyses give values for the
molecular ratios CaQ:P,04 of 1:0.411 and

1:0.408, rupecnvely,preaumably correspond- -

Ing to a mixture of apatits and mouetite. In
the first specimen, in which the water content
is high, some brushite may have been present,
Piggot (1857) givea another analysis in which
35.95% CaO is taken to combine: with 46.22%

POy and 5.718%% H,0; this material, like the
materials utl.died by Nesbit, was probably
mamly monetite. Morfit states that 0.16%

soluble POy was present, but this finding Is -

probably of no significance In view of the
diffculty im determining:'the solubillty “of
such minesals. A specimen analyzed by'Ane
derson (1855) contained 75.699% - alkaline
earth phesphate with 078% soluble P30s;
the nature of this specimen is obscure. It is
evident, from Shepard’s ongmal account,
that some Auorine was present in the so—called
pyroclasite, -

Consxdcring all the available data it seems
probable ti1at the Los Monges phosphats
consisted largely of monetite mixed with
apatite. Where the phosphate rested on reef
limestone, which in places may have been

dolomitized, it seems probable that an under-

lymz layer ol apatite also developed. Martin-
ite or carbonate-whitlockite was certainly
present, and brushite may have also occurred.
The lower phosphate content of the outer
layer may have been due either to apatite
or to whitlockite. The former seems more
probable, as the whitlockite from the locality
Is described as earthy, whereas the crust was
evidently a hard coherent material. It is most

"Pedro Cays. Some phosphatization tpwﬂén*

"N Morant Cays. Nog contemporary

discussed above, with such infarmation 3‘» Bes
may bear on the chronology of their dc‘;oqf* z ’;.{J L
The term “contemporary phosphatizsc® . ot

is used to imply that phosphatization & .

e 1S
occurring when exploitation began. o r*‘f*‘tﬁf‘i‘: "C“
- REN "'i r‘
Old Providenca. No information *’i‘ -cmc mex!
Vivorilla Cays and Caxones. App‘mrb =% “

4 (< nu"l
contemporary phosphatization (AR, T '
Swan Ilslands. Phosphatization at least uﬂé’ .‘ 7, ‘V‘v’tedom!.\{.
not contemporary ‘Y °

wm
Cayman Islands. Phosphate certainly uolﬂ-ﬁ ra&&st:., st
Karrenfeld on Pleistocens or older limestne: ;
Serrana Cays, ete. Some phoephmnmﬁ l!‘ He
parently still occurring

still occurring < EmRERT Y
Bahama Islands and Cuba. No m!ormar.aajh ¥ X‘;.,* Rt
HEA R e ¢

Navassa, Certainly ancieat in pockets ol K&n"“" it
feld at two leveln R
Alta Vela, Contgmporary bird colotm
aluminum phosphate perhaps ancent . . . "t
Desechao, San Jupn formation, HmmA‘BLTW
poat-Pleistocene, but not contemporary r' 5
Mona and Monito. Large bird colony oa Manﬂ-x A
but the genera] Impression given by &tt{_.,,

counts ls that meat material is ancxat © R -x:f
Puerto Rlco. No information R
Virgin lslands. No information - R g'-—..q‘\ce th;
Redonda. Superficia] phosphatic guano appare? iy 1'1\ Felther th
contemporary. Aluminum phosphate may h‘ s X farther
Pleistocene or even older W _f . “y{;,‘-_‘,mdf"
Perle. Probably not contemporary 4 .‘;"{»y; .
Diamant. Probably contemporary s d‘.‘*" ha
Sombrero, Certainly ancient, presumably Pict:. -n:-‘-;ili("‘ St P
tocene or older T ﬁ"-j'jf ‘%ﬂ;nh:;
Lictle Scrub Island, Probably not contemporsr, ™ £33, ~ oror
St. Martine Island. No adequate informatss :ﬁﬁl ch m
Bird Island. Apparently contemporary ﬁ ~ g e =Quator
ae if,p’"il;r .
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ly fox ,‘,ig;__9.?§!_§§'f'?9.3ﬂq.’S.P_PfQY?d.ER[-BSl-eﬂie 2013/07/:218@%'& it any of the commercially significant
POt 51 T 0 g 54 Srayter Apparently contemporary deposits were of recent date. Even where there
~wch ;,{K;':fﬁ'»fp_ﬂk'@m“{:dy m“t‘!‘mm"‘"y © wasa veneer of guano over a massive quantity
+ S5 “‘5}{;}'3? 8"_\““‘”‘6‘;‘“ pparently T;“g?"gy - . of aluminum phasphate, the latter may be.of
U f;&fi““ﬁ?;’—::““%t m‘;:,‘;"p':g,yp phatiation considerable antiquity and the modern guaro
):??i:“;{k’%glﬂomw Contemporary T @ quite late addition produced by birds that
Gu.a::a}1 ::‘-‘:;{fe 3s Sotavento. ?Conternporary \\paq nothing to do with those producing the
AND -.-?i‘"zi.'g'.;%;—f_x- g —.‘Rﬁ{{x’h A little contemporary guano; main phosphatxmbon.
. ”éq;u;méfﬁnm. phosphate ancient, but time of The deposits of the Cayman and Swan
—fﬁﬁ;im unknown * + lslands; Desecheo, Sombrero, Navassa, Bon- é
M abogg £23% (A qive. Probably Pleistocene ~ " aire, Curagao, and Aruba, which collectively
- o Wﬁﬁﬁuim No information . must have greatly exceeded those produced
dtﬁmq;y"éw Apparently Pleistocene on theislands with bird colonies still in exist~
re, 13'%};.‘*';‘-&&9‘- Appareatly Pleistocene ! ence in the nineteenth century, all may be
ve b;::\\"‘ ity ;o Mooges. Apparcady not contemporary - Pleistocene, though at least in the case of ‘
on thap VL tef 5 . "1+ Desecheo a Holocene date is ible. The
kpmlh'.‘!:‘r'x]_‘»??m localities that appear to have had aluminum phosphate on Alta VS:‘Redcnda. v
fmd"”_”"!?'«ffgﬁ} ::’”d birds actually producing guano in-f.-, and Gran Roque may well belong with the "
hor wpe. K. o ie bt 150 years are the Serrana Cays, the = Hassive depositsion some of the limestone ,,
"R Ee¥ i Cayn, Monito, Bird laland, and five.” jyanasl witie, without detailed correlation .
g ‘53-1;1"‘-"}3:-1_‘&5 of the Venezuelan Leeward I-’land"";_, of. the’ Plelstocene and post-Pleistocene :
1y i s ¥, 579 modern guano probably coated the old. = depoaits on all these islands, it is impossible I
¢ gAY s dornum phosphate on Alta Vela and "l t5 arrive at any definite conclusicn, the =
WQMML _Iﬂ all at most l‘lalf of th.c xslands. OF * general impression left by the available data “
. ety tigneos of islands for which any information - - iy that more intense phosphatization occurred Y
Creaz o A7y X7y seem to have had large enough bird  throughout the :region at some past and
s 3:4-72 " Sacies for contemporary deposition to have probably Pleistocene time than was taking *
o, W5 ¥ arured, but in many cases the amount of place at the time of the arrival of European
mé;éi‘—{ ’L’ﬂupham produced was very small, Except  man. , .
v g K AN . . R ; ..\‘
e -l}-‘:,‘a;' LA S ! [:
K < TRt  PHOSPHATIZED LOCALITIES ALONG THE NORTHEAST COAST OF X
‘"'“‘fir’*‘a‘-f‘»' - SOUTH AMERICA AND IN THE ADJACENT OCEAN «
shdng B AN ' . :
e j\btx,:‘;izgi&,’j‘;?'&, Paul's Rocks and Rata Island of the  seems to have a richer avifauna than .most of »

mn:'xﬂ*g’b;'&mndo de Noronha group are apparently  the tropical part of this ocean. The Southern
P TR il the sites of active guano production, - Equatorial Current flows along the whole
: % Two localities or groups of localities; at - of the coast of northeastern South America,

; @-}m considerable phosphatization of pri- ““ but the littoral waters are strongly modified
3§ % mary rocks has occurred in the past, lie on " by the discharge of .the Orinoco and: the
2% vhe northeastern coast of -South Americd, " Amazon. Though Hentschel (193%) records

4+ Gce this region is very much wetter than many birds off the mouth of the Amazon, e

| Feathy i ST ber the Caribbean or the Brazilian {slands | . Murphy Indicates that the great turbidity .
“Y-buxj:?%? ther south, it is therefore conveniently - of much okthe inshgre part of the Atlantic in (v e
4 i -5 cosdered in a separate section.. ; #ugea this region Ras a very adverse effect on the i
- arr e 'E_a_y’ifauna, most. ol the “ordinary oceanic f-.f.:',
. OcRANOGRAPHY eSS dpecies belng: abserit from British Guiana. g

Paul's Rocks and the Fernando ‘de - ! Farther east;off French Guiana, there appears ’

72 8L, ;

"X *Noronha group lie in d part of the Atlantic. "“to be clearer water, the Influence of the t
= yioch may be enriched by upweiling It the  Ornoco not reaching 30 far east or the o
Equatorial Counter Current and which  Amazon so far west (Heilprin, 1906). It is
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fzf"f::;g? . T TmP . that of the western Pacific islands has bees == *‘8" exr
C\z‘\i-,:{i: ;ﬁ; Old d&pouts 0‘ Pem ﬂnd C}“Jc' du’ ~ mvcn as 5,3 000 tons. Sioce these fi, s mhds_w
3{“‘,,,%‘ “ta bird colonies uimng uatil tht. L .include no data from Clipperton Islard . ,,
NANY T _niveteenth century ' © - 38,760 {ohmton l:;land, the Hawaiian L«'a 33: ‘ nl
TR . Tleo slands, or Flint Island as well as froma !

1‘;‘:’;‘}‘ Wi - Auﬁ:;ﬁj:g;du ol Ch"' (uclud]ns N '337 768 - unimportant localities, an over- all estimate of '5 :-— 30
3;‘,.@ i;:f‘ : I o L’; S * 300,000 tony for the phosphatic guano mm&
1‘:,2:__3'43' -~ 'Mej,jxou. of the Pacific is reasonable. 4;’.3 dm
Rk £ . The -Huan and Chesterfield Islands a =¥l con

Gt it
.21
PR
i
&
\
4.

Aprphgasd

ST i ';..g oo e 'xmdllon cubic meters of guano conta:xg. - {\g::,’_’. pu
T OI thu quastity 500 4-00, or approxi‘mately'g -about 309, P,Oy; this may probabiy be takes };ﬁ'a&
Y. onefgurth,; was P;esent on the- Chmcha-'_ as equivalent to 69,000 tons of phosphorcs =g 2
© Islands - - ., R Y Thaong.nalestlmatelshke!ytobeem”"‘ > bt
- The African depoalts are !eu adequately " but is counterbalanced by the unestimated rexg )*@--,t.h
known. On the Northern Islands at least ‘guana from the islands of the Barrer Red =% o

218,000 tons of guang were present, corres_ region. The southern coast of Austais .wf‘x‘.{st;
cponclmgto8720 tonsof phosphorus. Fromthe  appears to have produced the equivalest d " -f! sn
Colonial Islands about 75,000 tons of old ~* 2000 tons of phosphorus, and the wesie® “Z3%
guano containing about 12% P appear to . coasts about 24,000 tons, though there s a *';_3"3 ta
have been imported; this corresponds to  two-fold uncertainty in this figure. For e jg7er
about 9000 tons P, The whole coast therefore  whole coast of Australia and the islaniis of ';vg»;.g
probably produced a quantity of guano  the adjacent seas, a figure of 100,000 tons P R

I

A od el ke
v

Sk

equivalent to about 18,000 tons of phoo- s¢ems reasonable. e i P
phorus. . The data already given for the China S8 ‘< oy
The original reserves on the lsl:mdl o! the  also indicate an original reserve of abok (YR
Pacific coast of California are unknown. 100,000 tons P. 7:,?:(‘
Within the Gulf, Raza Island is supposed The islands of the western Imlian Qcead “1Z5f"

. to have borne 70,000 tons of phosphatic bore about 300,000 tons of P00, Assumics (K&4"
guano apparently containing abqut 17.2% that about half this is of post-Plestacese - Lpsln 3

P, and so corresponding to 12,000 tons of origin, which may be an undcrest:mat, ’;’; t
phosphoms. Krull regarded this lsland, San  the total phosphorus deposited since to¢ ..~ sl
Pedro Martir, and the Farallon de ~San  Pleistocene would be 63,000 tons. No wiy =~ tr’ o
Ignacio as the three most important sourcéd  factory estimates can be made for Latham ™ *'3 ,r~;__; 12

of phosphatic' guano™ within the Gull of Island or the other islands off Africa or 3. 2I1g07 7
California. If all three islands wers equally  the Red Sea. The Kura Muria Ishads ¢ zﬁ'
important they would together have-had &  yielded 37,707 tons of guano to Brtish %% )
reserve of 36,000, tons of phosphorus. Thisa  veesels, a.nd this may have contained 4000 i ”
estimate is probably excessive; It may suggest : tons of phogphorus. It is probable that 28 ° ﬂ.

that the whole production of both the Pacific - - the localities in the Indian Ocean and thess gi?;"

and Gulf coasts was of the order of 50,000 . of the. few guano islands of the miile- ;*-j e

"*... tonsof phosphorus, but this iigure is mzpuch--.~_ ‘Atlantic *yielded together not more ibas ,‘3‘%‘;3 d
- cwzgy < greater than the African csbmat&thahxtmtut,w 100,000 tons P. RN gl S
<" be accepted with great cautioni - -, -#3%.: - -z For the Qanbbean and Cayman sex 0@ "“§:‘ h

In making a rough estimata for the cntire Ea 'aanafactory estimate can be made. The ingZa® t
world it seems best to allow 2,100,000 tons of -~ most important insular phosphates of the ' ..
phosphorus for all. the western oontmenta.l {rcglon, on Cpragao, Sombrero, Navassa, B2 . 5
coasts and not to attempt further refinements  Swan and Cayman Islands, Redonda, 18 KR
which theinadequate African and Californian ~ Alta Vela seem not to be post-Pleistogeots. - 8.
data do not properly permit. Bird Ialand ip the only island with a madem - 3.zv

The total quantity of phosphorus present  bird colony for which there is both ap =6 <7~ _{f
in the supposedly post-Pleistocene phos- mate of the mass and an analysis. Bod ., 3ae!
phati~ guano of the central Pacific islands has  the estimate of 200,000 tons and the phos ,i‘ "
already been cstimated as 211,000 tons, while  phorus content of 47.55% PO, arc probably -
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w2337 Jore 3DOUT 44,00V TONS O phosphorus. It is, For the western Indian Ocean, an arbitrary e
X powever, very unlikely that the estimate is  assignment of half the reserve to post- ‘
iﬁj_ﬁ “rEable or that the analysis refers to typical  Pleistocene and half to Pleistocene depesits

; :iatrn'al.

: - Orchilla scems to have bome  has been made. The islands of the Caribbean
of <553 73,000 to 40,000 tons, containing 229-P.0,, - _and Cayman seas again introduce the most
Is 578 % 53 about 3500 tons, of phosphorus, probably significant uncertainties, as no adequate
¥ deposited since the Pleistocene but not by a  estimates are available for any of the im-
‘sl gmtemporary colony. From none of the  portant localities except Navassa, On this
&3 ;‘ig:ﬁbcf islands are the data so good. For the  [sland there appear to have been between
P of the present discussion, it i{s- 700,000 and 850,000 tons of phosphatic rock, ¢
NI w5 psumed that the Caribbean, eastern South  containing 96,000 to 117,000 tons of phos-
a.."“z:’&.» American, and Patagonian coasts bore about  phorus. The British statlstics indicate that
e 3r097100,000 tons of phosphorus deposited since 238,394 tons of phosphatic guano, unenumer.
T w3 the Pleistocene. ated- manures, and rock phosphate were
w< Since the total quantity of phoaphorus In -, shipped from the British West Indies, Haiti,
p¥able deposits outside the tropics is very . ’anSSanto Domingo between 1852 and 1892.
. the quantity of phosphorus removed * Some materfal must have gone to continental
guano in post-Pleistocene time may be - -Etiropean ports. Much phosphate, particular-
- e 7 Iy from Navassa and Sombrero, was certainly
" Tons . brought to the United States, though no
‘2,100,600 *7 Edéquate statistics are  avallable. From -
+.300,000 - "Curacho it is known that 624,000 tons were

#
Pyt
A

. .
. Y B
'nt' P AT . L

a0y Va.
L4 e g ‘e

ke f

,100,000- %~ exported before 1924 and that the deposit st
100,000 -~ 15 #}Il being worked.’ From Little Curacao EGE
:%.% © 100,000 tons of phosphate- were removed Lol
’ early in the history of exploitation of the . :‘;&‘E
33_;}1‘.21"5 N ol 2,800,000 region. It is prot')ably safe to conclude that :,’;},‘x 53
IITENGS the total quantity of phosphate removed ;
ai:iﬁ; ¥ Of this total, the Chincha Islands bore more  from the islanda now exhausted was of the . »?.3,:-'3-
N «ban onessixth, and the Mejillones deposits  order of 1,000,000 tons and to assume an D e
L A :;:l‘“ than one-hfth. The contributions of all . original reserve of 2,000,000 tons for Curagao. LI
';?'_"‘jq.._‘,ab« individual deposits are small compared ~ Assuming 1597 P, corresponding to 32.79, .-g:;f%i;
3°,0:20.% jp thowe of these two localities. Of the South P10y, the phosphorus in the ancient deposits '-":"‘Tff-‘ Cer
1769 American deposits, which make up over  of the region would be 450,000 tons. It is e o
ii";?g:fﬁmhin!s of the total, rather over half are  obvious that such a8 figure Is little better 'odea
L gr JNg. poent post-Pleistocene, and rather under  ¢han a guess, but it Is small compared to the SR
’u«ﬁuif":all from localities with contemporary _.. original phosphorus ‘reserves of some of the e ;',;;i;:
FgiZ M slonies. In the Pacific these relationships - bettér-known localities, sd that it will not ENES e 21
=~ 45 ge probably reversed. In general it is safe - Introduce great errors into the estimate for the : ‘-»‘;&?r’-‘;",;‘j
2235250, o conclude that roughly half the guano ' world. T Y S Rl
PR ;\_'.;&posimof the world we.restill growing during : B Tons TiFEl
5 S ’:ﬁg early part of the: ninetcenth century and Makatea . 5,000,000
igf-;&%“zﬂ were due to ancient but post-Ple:stoceng Ocean Island . 3,800,000
£ 03 i30T ind colonics. . Nauru -, © 15,400,000
5::%‘357 © - Kita Daito Jima - © 860,000
7:;‘:4'11-_%-;%‘1‘55 ToraL QUANTITY OF PHOSPHATIC - Okino Daito Jima .. 860,000
i}:;;%f". GUANO IN SUPPOSED PLRISTOCENE  Angsur . 408,000
f-*—‘.&_-;;'m'__?'. DErrosrTs - . Qther western Pacific ‘llll‘ll;ll.:-- 312,000
RRSEe " Christmas Island .-, $,400,000
> . West Indian Ocean o 69,000
Caribbean and Cayman seap 450,000

Total (to three significant
figures) 32,500,000
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1 The occurrence of phosphatic deposits under - now left of the deposits and lead to hm’?«;{ﬁy’% i

a plaat cover, and without a large contem-  ing of information that might bear & = -Jpg oo/ ¥
porary bird colony, is strongly suggested by  solution of the problem, before such infore® | ‘-;{'?'“l’
the availabls accounts of the islands of the  tion ls irrevocably lost. ~ - disco
Chira Sea, notably all of those of the Danger- N e "ld'“"‘
ous Ground except Spratly Island, and Woody PrOSPEATIC DEPOSITS OF ELEVATE? ~ ~ 2 AL dolon
lslarnd, i not other mgmben of the Parncel ISLANDS :-g’é\n”t"
group. An adequats interpretation of this ' . gy largest insular deposits occur on B3 "é{;@u "(‘

rtgion i&, hDWEVCr. impouiblﬂ With’o‘:lt.ﬂ}m . whd I‘landsdcoml !'OCk or Wit.h 3W"}L¢{" :i 3-, N

it l.og.Lc.al i [s; gssl:} 1 : P - M R S I . . A ANSY 2
e western pacis of the ; dble veneer of coral limestone, T8 7% Je Byt
% 'Indian Ocean may perhaps provide cases * found irregularly distributed in .UUP""[ e calit
" that ars comparable. Fryer thought that the subtropical latitudes, the full list of ;;,’::;:‘“:Th‘
phosphate deposits were far more extensive _.feaces of thu sort being 23 follows: 2&?&5"5?& K
than would be expected from modemn: bird --Pacific Ocean:

> &Mlﬁmzfl\ A - i vy
TR Ay AWITY LA KA

B o i
* ot e off 2 rvs . MINAT

o

colonies. It is, however, difficult to distinguish
between ancient phesphatic rock, probably
of Pleistocene age, a8 is certainly found on
Aldabra, and more recent though not con-
temposary phosphatic guano which probably
was present on many of the islands. The ac-
count of the phosphate of San Juan de Nova
strongly suggests that it was formed by a
relatively recent but not contemporary bird

- Ocean Island and Nauru

.- e -».~1§¢ i
Faire g el

- Makatea, with small d;podts on Niam, M" &

hiva, Henderson [sland, etc. = R :

Fais ,

Angaur dnd Peleliu

Rota, Saipan, Tinian, Aguijan

Kita and Okino Daito Jima

Smaller deposits on the Riu Kiu lslasde
Ajawi

Walpols lsland

-t

»ﬁ colony. ludian Ocean
;(;!f ; I the Caribbean and Cayman seas there Christmas Ipland -
" ;5;-. appear to be similar indefinite Indicaticns of Aldabra (stutus of other islands obecure) ".;“z:}‘-n.u\nnj
¥{}1 old post-Pleistocene deposits not formed by Caribbean «r % 4. Okin:
‘3:; . contemporary colonies. The depoajt on El );:"1’“ Lo
k"‘i ) Dorado Islet, Orchilla, and the little-known o Coagpsy Kin
1}‘{3!3 T occurrence of guano on Vivorillo Cays.and @ A"m";?" 'I?\".
B . the Caxones seem to provide examples. It ia- Bonaire . "/ ~Z: f‘l’Tg::’ f
iy difficult, in-this region as in thewestern Indian *~ - - =0 o o v M-{g‘i;:gmﬁ
!;;;' Ocean, to distinguish Pleistocene from Recent The Saldagha Bay and Langebaaa NETESLL (ex
%]'},. phosphatization. The guano incorporated into deposits in Squth Africa may well beccawfl'%a‘t*ﬂr Hate-
Ff‘i#if the San Juan formation of Desecheo and able to thesq insular localities, and wﬂi'_ - —'-.‘&’T;;-w“"’
N similar deposits in other parts of the West  vely large deposits due to the ph(?sp!:anﬂﬁ'-; ,&%::
kTS Indies may ultimately turn out to be com-  of igneous rock on the volcanic islands S xf¥ = _-:\3
Qs parable to the post-Pleistocene guano on  Redonda, Alta Vela, and Gran Roqua Mf;i;gﬁ;g;;‘g}‘ et
-:}‘%;1 - vegetated atolls In the Pacific. - be equivalea chranologically. AR LA\
_{i«]! These few instances, unsatisfactory though - Omitting these special cases, the whole & 5 ':;,’.'.'o_\,'-
"l xi , they be, do at least suggest that the occur-  the series listed above bave certain come® ;53‘?: Ny (-h;‘
;‘{&j{l rence of buried post-Pleistocene guano may . characters. . ~ ety ;‘\“
i be expected in favorable regions throughout The phosphate lies in the cavives of 3%}}”&) ®
il the tropics. If the phenomenon is really as strongly developed Karrenfeld cut 13 ?T'.g\'_"-.'-. a 3
fi‘ii‘: widespread as it would appear to be, it  elevated coral limestone. Where thclattﬂ»*~';;3{-;‘i h‘“
"3’!' suggests that it must be explained in terms of  been analyzed it has been found t0 be T BAS

dolomitised. This is certainly the case (r ZTx s the
Makatea, Ocean Island, Nauru, Kita D3 et with
Jima, and Christmas Island, Indian Oa:n»‘gl 1 sum
No other cases have been discussed. - th |

Dolomitization of reel limestone OIS w1 o> KT

general planctary changes in precipitation
rather than by purely local events. At present
it is obviously not possible to go further in
interpretation; the work of preparing the

+ H H H 1 -
il presens survey Wil be u e e what s unasociated with phosphatic deposit uj;:":"_-’;f;f_':,m
i ‘]a;-{ ‘t’::. f’:;:"
Al -
R N PR
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Lt T, 23 fe Oy that some cases of undolomitized cle-
T3 ,‘:,d reef rock bearing phosphate will be

Al o overed. It can, however, hardly be acci-
',&nﬂl that the five largest deposits rest on

4 Saomite. Fryer's account of Aldabra indi-
FLs e s strong metamorphism of the reef rock-
,m the phosphate which suggests that
g locality is also dolomitized. It is impos-

.

mf‘;(v “;;ﬂua-
e 37 The phosphatic filling of the cavities in

m jroa md aJumu:zum content.

o.*.
f‘iu‘*'*“'* > f;,;g to gain any idea of the magnesium con- .
‘WA st of the reef rock of any of the other

Karrenfeld appears to vary most notably :

phosphate, and in sume cases a typical terra
rossa appears to cxist. While it is probable
that climatic factory and the proximity to
rock other than limestone are involved, one
factor of considerable importance in explain-

~_ing the difference batween Makatea, Ocean

Island, and Nauru on the one hand and the
other islands on the pther is that these three
islands appear to have undergone submer-

- gence since: the formation of the Karrenfeld.
= &7 Qoreny's observation pf coral heads attached
~"to pinnacles on Ocean Island is definite

" evidence in this direction. On Nauru strand
:lines appear to be cut on pinnacles, and the

.'»:form of the depasit on Makatea is hard to
Zreconcile - with. any other- hypothesis.. The
4.2 xhlstory-cf . thmgthme Jelands is therefore
-father different from. that of the Mariana or

4.27-18.31 .-
13.97-24.40 -
1.12-12.08
1.35-29.67
0.86-28.02 -

no data
tr. - 6.08
or higher 3.29
‘ Kit! Daito Jima {mainly aluminum
% phosphate)
- 'Lymn Shima 3.87-31.00 11.65
"' S *" : Tori Shima 9.6

v

R .\ 2] n;yzh:t Jlml
0ad | ;‘5 ~.. (excluding cave)

“‘“‘j:’;s &' fareruma Jima 3.8-9.6 5.71
T.un AT walpale Tsland no data 19.29

\ o »
3 of 3\—%:” Analyses of the sesquioxides have been
na.y L given for the underlying dolomitic limestone

e "-u
SRR d two of the extreme cases, namely, for that
s ‘:";{ Nauru which contains 0.279, to 0.46%

21.03-18.61 .14

~ yhich contains 0.08%% to 0.78% (Al,Fe)\O.
-‘Itc differences bet“een these limestones,
the-—:*g 7 i3 this respect, is cvidently negligible. Ex-
has 52 hding that part of Kita Daito Jima that
bc“:g%zm received pumice from an external source,
for-<20382% (5 spaces of the entire Karrenfeld are filled
ito T3 mth a terra rossa-like clay which is pre-
oWl mmably the residuum left on solution of

IR '_"tbe limestone. On Nauru nothing of this
= .T&md is found. Makatea and Occan [sland
‘nqa.. ‘fggmble ‘\Iauru in this respect. The other

\:_.
)‘r\'.
‘¢

T P ‘:w&};‘?‘P‘d’&EQ‘F"““ '

5~ (ALFe),04 and for that of Kita Daito Jima -

g ?D:uto Islands. Angaur may perhaps have been

z partially: submerged;. since. the Karrenfeld

vru formed but thtq uland requires further

Y.
iOutnide the Paciﬁc region, Christmas

Tsland appears to have had a history like
_ .-'that of Makatea, Ocean Island, and Nauwru,
"."la that reaidual clay did not accumulate or

was not left in the Karrenfeld, but where
volcanic rock was exposed to guano solutions
it was phosphatized on this island as on
others.

In the West Indies, the history of Somurero
is too complex and too Inadequately known
to make comparison profitable. The upper
part of Navassa appears to he comparable
to the western Pacific islands. The phos-
phatic filling of the Karrenfeld on its plateau
i rich In sesquloxides, while the deposit in
the Karrenfe!d of the low terrace around the

“{sland is lower in iron and aluminum as if

part of the residual filling had been removed
by wave action, possibly at a time of slightly

higher sea levels than are now prevalent.

The situation at Curagao is not entirely
clear, The phpsphate appears to lie on Molen-
graal's terrace at 90 f 110 meters. Subse-
quent to the formation of the terraces by
emergence, subsidence to 100 meters is said
to have occurred, Thiy may have permitted
loss of residual soil, though the Curagao
phoophat:a s :hght!y richer in sesquioxides
than is that of Makatea, Ocean Island,
or Nauru.
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VOl =
. Summarizing the abovedrgument; {t séems: ”

“Fais, Peleliu, and possibly the Saipan pho#

.:likely that the elevated-phoiphatic islands;” phates rest on late Pleistoc-ne raised red
Lrvs: 933 bﬁdﬂ“lﬁedm:""""‘gf‘i:—g’“ e+ =3 rpekor its equivalent. The depomt on Angaa
S AN S ot N (e " apparently restsonsomewhat b r liirestoce:
‘I"l(:)nri:.d%%t,g .’q\fhm‘e\"' :L_ . 2 the Ka \ek_‘ The deposits on Aguijan, Tintan, anvd Ree,
Fals Y o S appear according to the same a heme ) A,
 Angaur - . . on Plio-Pleistocene Mariana rof reck, v
" Peleliu y Rota deposit perhaps on an ohler part of the
Eil Malk Y .~ .~ Marana formation than that underlving t.‘-f't

" Urukthapel v o i other two.
s Rota " - o - 1 The deposit on Miyako Jimn contaicedl
- ~ Saipan ' " "an elephant molar, probably of muldle ot
o ?g‘:xli‘}nan Jlower Pleistocene age, and rested on a lime3

s

!

1

o

W, g0

Lir

- ."" "Yoron Shima

. All the comparative evidenca from islanda with exposed,

o

. Okino Daito Jima
.’ Kita Daito Jima -

Tori Shima

Miysko Jima

Hateruma Jima

Walpole lsland

Navassa (in part)
Islands submerged after Karrenfcld formationt

but prior to phosphatization:

Makatea

Ocean Island

Nauru

Christmas lsland

Curacao and adjacent {sland

]

This difference s of some lmportance in
providing a warning against the assumption
of identical history for allsuch deposits.

Definite information on the age of the
phosphate on the elevated islands, or even
of that of the underlying limestons, Is
extremely meager. The dolomite of Makatea
is supposcdly flossiliferous and was regarded
as Tertiary by Agassiz, though nothing criti-
cal was published. The Ocean Island dolomite
yielded only a single Carchsrodon tooth to
Owen, and from this he deduced a post-
Miocene age. Nauru yielded a number of
supposedly Tertiary fossils to Elschner, but
no detailed report on them seems to have
appeared. The deposit on Kita’ Daito Jima
lies on what is probably an early Pleistocene
magnesian limestone. :

If Tayama's classification of the terracss

of the western Pacific islands is correct, the

' Rodgers (1948) believes the Karrenfeld forms bes '
neath the soil surface, pors passw wich phosphatizadon....

unphosphatized pinnacles (Aldabra, Henderson [sland,
etc.) is against this view.

' No contradiction ariscs {rom the hspothess

“something of the probable rate at which thz ™

stane which is probably lare Pliocene Wf
"early Pleistocene. On the adjacear Targma
Jima the deposits seem to have Lun beeweead
Plio-Pleistocene and post-Pleistre cre reefs.
"~ The Christmas Island deposit Ties on post=:
Miocene rcef. The deposite en Boenare
.Curacao, and Aruba appear to tee 1 liaeerniss
‘though the evidence of a Plecgis ene 10e 3
not entirely convincing. '
The very meager evadence av alalde thur |
. suggests that the bed roek under afl thew
" deposits is either Pliocens or leistucens

-

” AT B N

"

o
1]

that all the immense elevated Jdeposits d%
phosphate are themselves actuaib of Flesto
cene age, and this i3 confirineml Hyv the oot
case of a mammalian fos<il [ovud in the
phoaphate. The evidence, notably f{rom
Tayama's work, seems to suggest af least
two phases of phosphatizatiou. one in the
earlier and one in the later Pleistocene. There
is, hpwever, nothing to indicate that eack
island was not phosphatized at a diderent-
time. The periods of phosphatization evident-
ly represent phases of compamtively shert
duration during the complicated Plio-Fleisto- -
cene history cf the islands. The Sald:m_tu ;
Bay deposits of barrandite, or some like
mineral, are, as has been indicater:, probably :
comparable to the large elevared insuly -7
deposits. In this case there is reasonabiy
good evidence for the assoraton of the.
phosphatization with a Middie Pleistocene
high sea level. 0
In the attempt to elucidate the meaniag’
of these Plio-Pleistocene perods of phos-:7
phatization, it is first desirable te ascertamr. .

.

i A

d

Bad
x

G

deposit on the richest islands conld have beea
laid dawn.

5

'

a A . *

I LI
ST TR |
ot .
av;_}r:hhw‘

s
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bil the area of the phesphatized region of
< yycrn be taken as 13 km? and the original
. as 87,500,000 tons containing 38.99%,
{?;0» or 17. 0-,0 P, the mean phosphorus
;ted on unit area is found to be 82.9
%zrm-' per cm®. The total quantity of phos. -
3 atic guano oa Howland Island has been
,§ ted from two apparently mdcpend-
f..J& sources as about 124,000 tons contain-
3«;; 1495 P. The area of the island is 1.62
XN i, but it is evident from the existing ac-
:‘1;.‘ ts that not the entire area was phos-
gy phuatized. If w= assume that the phosphatized

" mmhalftbeareaot the island, as seemas-
i&,nb;b;e, the amount of pbosphorus per

.:;::wm is 2.39 grams per cm?. This compari

TRy

‘ s“‘r?!wag deposit on Howland.

;,‘8‘5.—,“ on*Howland is uncertain. In its present
"‘"ane time. The most recent event in
ﬁ,e Pacific Basin that might have influenced
hate deposition on the drier Line
h.hnds would seem to have been the change
p: M\onmble for the shifc in guano deposition
,ma‘ the South American coast, probably in
g\\ the first millennium n.¢. It is therefore prob-
sbly safe to conclude that the Howland
\_.dmmxt has been accumulating for at least
“$r12500 years. This would imply a minimum
‘gme of 87,500 years to produce the Nauru
\S, dq\nmt It is, however, most unlikely that
ievan istand of the size of Nauru could have
‘3:!! accumulated its deposit in this time under

}‘: ? regime of Howland. The Howland bird colony
?i’na) have originally covered the whole area
“E Gthin the ramparr. The colony on the much
<" brger Malden Island certainly did not. The
7 otal guano production from Malden Isltand
G wems to have been about four times that of

;A "Howland, but its area is approximately 20
.N ames that of the latter island. It is reasonable

;'i'\-r.' to supposc that as the size of the island in-
H
g
1

 aeases the bin! colony does not increase

! proportionately because increase in size of

1, ~an 1sland will not increase the food available

i idm the adjacent waters within the cruising
2k ndmsof breeding birds.

y Jv
SRR :«“‘”’S& yg

%mam that if the conditions on Nauru™
E&3yere comparable to those on Howland today, -
. ‘5‘3wuld take about 35 times as long to phos- *
;hmc Nauru as was taken to produce the

‘r:#, The time of the bcgmnmg of phosphatxza— .

~gym the island clearly dates from some post-:

“J}’"‘d_-.c existing oceanographic and climatic .

If under existing conditions a colony of
birds four times that present pn Howland

represents the upper limit then it would have .

taken at least )
87,500,000
TN 4X124,000

to phosphatize Nauru. This is a very consider-
able fraction, of .the order of magnitude of
one-half;  of Pleistacene time, Even if the

«490,000 yars

extremely improbable that there would have

- been tinta:enough during so chargeable a
. period «as: the -Pleistocene for the Nauru .

deposit to develop under océanographic and
climatic conditions at present represented by

ment is in accord with the strang impression
left by.Tayama's results; of a complex
history, only short sections gf which were
characterized by intense phosphatization,

If we compare the Nauru deposit with that
on the Peruvian islands an entirely different
result is obtained.

The present rate of deposition on the best
Peruvian sites is 9.6 grams pey ¢cm? per year.
This material contains 4.599, P, so that 0.44
grams P per cm? per year can apparently be
deposited under the most {avorable condi-
tions. Assuming no loss the Nauru deposit
would at this rate have taken just under 200
yeara to form. It has, however, already been
pointed out that losses did oceur from the
Peruvian deposits, On North Chincha Island
the mean depth of the guano was 12.6 mcters,
Assuming a density pf 0.9 and a phosphorus
content of 5.28%, this corresponds to 59.9
grams of phosphorus, or just under three-
fourths the quantity prescnt per unit area
on Nauru, Since the Chincha deposit appears
to have taken between 2000 and 3000 years
to form, at the same rate the Nauru deposit
would have taken about 3000 to 4000 years
to form.

‘*"l"%;.?ﬁ?f g
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-pbmphatz deposit on.Baker Island, which {s - -
_ less wel} known than that on How’and but
- may have been three times as great, be taken
- ay & standard, the time of phosphatization
-would be- 160,000 years or'about one-sixth of
"PTefstoccne Hme, [ view of the rather critical
: conditiona that have evidently been necessary
.to-produce deposits on atolis of over 100,000
tons~ duting post-Pleistocene” time, it Is

-

" Baker and Howland Islands. Such an argu- -

A
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-storation of the Union, with the Constitutional rights
guaranieed lor all future tme” ™

s “repudiavon” of his platform was now ncarly ceady
Al that renained o be done was o strike ouc any

2 of defeatisn. ) to climinate “any word in regard 1o
e tortured by any Jone] iva anything like ignable

1o add as a separate paragraph a plank which had been

" out of the plaforsy asreporiad by the resotutions com-
one up the whole document withi a “punch® sentence
+ that it might conrey an impression of crisp, terse
+ candidae™
Fen, had shified his groand wwice. Starting with an
-mpt for armistice in any = use, he had adopted the idea
1 armistice ac the risk of distuion.  He then ook a posi-
«-nund which made armistice impassible from the South-
- . yet did not ignore the Northarn demand for potential
™. Did he chiange his atitude o conform with chang-
of the relative strength of the factions in his party?
+ inahility 1o fathony immeduaely the dangerous implica-
vid position? Did he carry over imo paolitical life the
t <haracierized his military career?  Or was he chang-

s deliberately s an endeavor o do what he honestly

e, wod 21, 9333

the wareace commencing “We have mght cnough 0 safisly ihe
v twa soctions™ was drapped ia the Tousd diate, which, frans its context
s writtcn cachicr than Scpt & (MUletlan MiSS, 1, val. 234, t4y50).
o MChHan, noplace, e dae, MUl MSS. ML vl 3y, NdoBo.
« Willian Abas, pastor of the Madiea Square Piesbyterian Church
o b womsent of he kucr, Adans bl gone wver MoCkilaa's leter
o that these interhieamons i this tearth drate which ase mt in the
Mhann's. Vo example, there n the watenee: “Amd oo pese con e
Umsan.” MuClolan sl wenns 10 hase dunged the wordingg of
oo pemt 4v 3 0s ahear o6 ovcn peobbile dhat oo presst adicisaray are
agees i bisio o dhe Pukonad Yo al e St e Pready for peace

et e N o MRy K888 M PRy 1 the wetiteore
b aeed ahie al Botee connconing, ot s s, what 1daubt s was,
o b dbw scituent ob thie covcntioen L . L

e wimcme e U iy the onc sonbiun of poace--we ak ad
t ot final kiter (MoPhaison, op. o), bt i sot o be touad 0 any

o thought was best fur the peaple of the North?  As in so many ader
2 cases, the records are silent as to the human aspect of the matter.

- Cutauces R, WiLson,
The University ‘of Cincinnuti.

-t

Nw.\sSA: A TorcorreN AcQuisrrion (1‘).4 Y]

. Adide knowa -l\pu( of the c\lmusmu o the United States is the
« acquisition of cert: i scatered island appurtenances” which the gav-
& ermment has refrained from speaking of as possessions.  Even befure
" the Civil War, expausionists sought w cxcend American rule over nou-
- contiguous territory and mude efforts to sccure Cuba, the Hawaiian
*,. Islands, a naval station in Santo Dumingo, Alaska, and a zone across
* Panama.  These ambitious plans failed, but quite incidentally, and
J4 almost without public notice, a peculiar, beginning was made in the
-" collection of istands ouside vur territorial waters.
] In the furtics and filties of the list century, large portions of the oldee
. . agricultural area of the United States showed unmistakable signs ol a
‘1 loss of featility. Tlie appearance of a new and potent fenilizer, called
* guano, was hailed iheeclore as a godscnd and demands for it muhiplicd.
. The only turge supply then exploited was located on certain iskinds ofl
" the coast of Peru w'icre for centuries hosts of birds had been depositing
.* this fertilizer. The Peruvian government found it a constant and con-
' “ve.ient source of revenue and sold it anly through Britishy or Pesuvian
“agents who charged so high a price and provided so irregular a supply
that Anicrican fariaers became exasperated. The State Department

- busied itselll during - he filties aucmpting o arcange with Peeu, Ecuador,
- . and Venczucla for o cheaper and bewer marketed supply, but repeated
efforts accomplished very linle.  Adventurous sea captains therefore
were covouraged woseek ont unishabited and out of the way islunds

© where bivds gl bve dwelt peacelully for Tong periods of time. Several
ool these were eepaied, b the annosncement of cffints 1o trke off B
might lead o complications. As a maner of fact e exploicaion of the
grano possibitiio o onid B, Aves, some duee Tindicd iiles ol

the coast of Venezaehs had caused that republic to remember a long
forbmlcn jenisbonon over this far away dot aad 1o drive off the Amer-

- ian diggers. The United Staes had never claimed any iskunds by right
' of discovery andd had no machinery cither for legalizing such claims or

S osbesn o i) il ehiesis Declassified and Approved For Release 2013/07/29 : CIA-RDP86-00178R000100060011-2
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law praviding resulations for regiviering sucly divove
Y}

PRCCE P EPPPE e d * N R TR ', i A

YT (N TYRY 'I) [EETY ] lll‘tl'\\.ll)’.

Upsnin the s zomg ol New Yol and Buoston g specubators, Wil

liam 1L Sewarnd s sansored @ bill in Congress which biecanie the faw of
{ L
August 18, 1850,

This act provided that when any Amicrican citizen
iy have discancrad, o shall herealier discover, a deposit of g on
any iskind, anch, or Ley not within the L

o of any other
any other governmen,
v and oceupy the sume, said
island, rock or key, may, at the discretion of the President of the United
States, be considered as appertaining wthe United States™,
the fonmal s of kg possession and maintaining

government, ad nat occupicd by the citizens of
and shall Lake peaceable possession thereol

Evidence of
peaceabile possession
m the name of the United States ws be filed at the St

ate Depanimicn
tegether with o honed o the elfect that the

discoverers wauld sell guano
only according 1o rules Lid down in the act. When explorers had ful-
filled these requisements the iskand, rock, o key might be proclainied as
appertaining o the United States, Trade with such places was o be

regulated as coasting teade between ditferent parts of the United Stags,

hant
applicd o govern these iskands, and ihe
President might wse the “Land and naval Torces of the United States” 10
protect the righis of the discoverers.!

Under the sutbuwity of this act, hetween 1856 and 1585 some sevemy
ishands and groups of istands were recagnized as appertaining 1o the
United Staces. The fiest two were Baker and Jarvis Bsbandds bying nearly
unihc cquator samhwest of the Hawaiian blads, o° 15" N L, 476° o'
W Long., and o® 247 S, Lt andl 159° 52" WL Lang. respectively. They
were registered e the State Deparinent on Ocrober 28, 1530, though no
proclanaion was isacild by the Secectary until March 2, 1861, Since that

the Liws relating o acs pertormed o crimes conmitied on mere
vessls on the high seas were

time they have boen sccupicd inermitiendy by American guans digers,
but in 188 Grear Bricain ook passession ol Jarvis withow

any protest
Team i Seaie Pepaniment,

They are designated as American, Wiuish,
or undetermined possesions on a variety of maps and dhe United St
sectmngly hus o acive wuerest i them® s wids the third isband
le seivered v we are particudarly concenned,

LT B v A T shotaihs bt estiations wah the 1 itin Auin en i
o purbibics amd the & Codatmon sk et ciicted e Gkl Py
Couams Displisiiacy o bisesnd by
Gerge Waking:

Latis \biwinsa
the author buofare the i Ausericsn Smsetss o

o Umsscrsay duomg the suiines of 133, 1wl s i thee prabsdabcd
poencvshings et thiad g,

e On July 1, (847, Peter D o, T E T R R

Fisland ab Navass contamncd gonso,  savasa v b e o g
Flike an ayster shell, abouta wpnare mibe i area, Tonmed of voloon quu‘
S one and so filled with holes as 10 have the appeatance of .l‘ poirdicd
‘-§§;lmxlgc. It is sicaated some ety miiles west of Haid, 87 50" N fa,
K 175" W. Long., abow seveny-fiv

snibes cast of Janaica, Captain Duncan
,:'xifound it unoccupicd and wovered with an amount of g wisic !n i
,#j estimated at one million wns.  He wok possession i the namic ol the
“ w United States and upon his ccturn home assigned his discoveree’s nighs

.g‘

. ) i H -
A more, who seems o have been the business agent, sent John B, Lewis to

8° the istand 10 work the guano deposic and filed fornal notice of the dhs
"'{- tovery at the Stie Department on Decamber 3, 1857, withow mm'nlym_:;
* cicher the required certificate of peaceable possession or the bond

- : Cooper had once had a partner i the guana wade, a Jamacan,
@ ‘Ramoih by name, with wham he had broken, as it was Lier repaied,
‘9'%3 because of Ramal's inefliciency. The Liter had harbored s desire 1o

{\K‘ get even and now saw his chance. He went o Post-an Prance, suggesed
A T

I8 to the emperor that the island belonged o 1Lt and abtaned s of
K
;

- the island, contracting w give the government one thivd of the provecds

-of any guane sales. The new leaschokder then wemt 10 the governor of
-+ Jamaica and wld him that Americans were taking Ramoh's puan.
'_ff‘ The Januican exeeutive prampuly gave him a leuer w the cperos al
'4,,‘;'-‘ Haiti supporting a request for a war vessel to protect this | Liician istand
w37 from American invasion. E. K. Caoper fearned of this and hastened

s complete the farmalities connccied with .l:nlin,-_' evidence i the Stae D«.
* partment. e presented an allidavic of peacelul possession which Lewis
" had made recently and on April 23 waried the Seevciary of Stae tha
"~ the Haitian government might imerfere.
" The emperor of Flait acted carly in Jone and sent two vessels e order
the Amesicans off his island of Navassa. Cooper turned incdharely w
‘:: Prcsi(!cm “ux‘h.ul;lll .In\' .\\‘L'u‘l.uy Clans fur ‘uulnlhnl \vilh (lw n'\uh
- that a frigate was ordered to proceed 1 the seene. i spite of 1 second
hostile expedition, the Americans sk 1o then diung unut Come

- mander Fanier araived on e Swasoga i August. e doumd e the

. I
PN . . o ,
Vialling offices b Mlml,nn: T viodone, nevaron e e docimcd

it wise 10 go ta PortauPrne o give foroal notice dur the Unied
X heee '+ the . Ss
States woukd proteet Amcrican guano diggens under the Lov of 1836

Z' 3The papers relating 1o the deaamcry 2ad cardy difoultios reganliog Navasa an
found in the Stite Densrnrnt Arhie 4 ved. V' od the sy mtathed Mol s

e
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The Taitian govermnent meanwhile had become acquainted widh
Ramoth’s real motives. Under the circumstances the CAIPCTOT Was not
disposed 10 get into trouble with the United States just 10 satisly the
contractor's revenge and even without Turner's show of furce would
probably have refrained from violent action. The nCLro potentate con-
tented himsell wighy | ing a protest divough the Faitian commercial
agentin the United Stues, B. C. Clark of Boston. The Latter chiimed
Navassa for Haiti on the ground that the island in question had belonged
fiest 10 Spain and then 16 France during the colonial era and hid been
acknowledged 10 be Flaitian when the Frencly recognized the indepen.
dence of their astwhile colony.

John Appleton, assistant scactary of stue, ceplicd, November 17,
1558, that the department had proof that the island was abandoued and
derelict when Duncan discovered it and that the United States intended
10 protect its citizens in tahing guano. Appleton concluded, though,
with the statement “the act docs not make it obligatory upon the gov-
ernment to retain permanent possession of the island™, Sometime later
Cooper filed the required bond and on December 8

\ <1850, Cass it fength
issucd the first guano kland pracimation dec

‘ aring that the required
notice of the discovery of puano and the acenpation of Navassa in the
name of the United States had been Gled in the State Deparimen, nd
that the United States government would protect American citizens in
taking guano from the island.* The act of 1856 as interpreted by the
State Department was not intended to invest the United States with
sovereignty over any of these guano isluds® and the proclamation
simply stated that the Scerctary of State recognized the fact that the
island was being occupicd in the name of the United States. Presumably
the legal status of the island was that of an “appurtenance” rather than
a “possession”, :

Guano continued 10 be taken from Navassa in the years that followed,
principally by the Navassa Phosphate Company and the United States
continued o regard the ishand with an eye which was at least accasion.lly
watchful.  When 1 Lig soucht o establish its chaim 1o the land in

172 Secveniry Feboe i dabocace denial of any such g * bt o

‘ g’y ko tonad s e Staie Depaument Achivess Domeste L awn,
NLIN . 3 The s buieinm n fomd n the State Vicpacnent Arclses, Goiearme [1S
MSS. .\' cand b peonnd i o V47 UL S0 Keporte, 330-231, Othier claimans apyvasod
who fiked sluliviy cosery b the same island bt the Stie Departsent 1 macd
then,  Their pajces aie 1a the Guane i MsS. vV, 4

SW. K. Caule, Anng Scoretare of €

$Fub w Prewen 1. - Declassified and AppFO\}ed For Release 2013/07/?9

Nichols: Navassa, a Forgoutien fequisitio ()

2ty - other oflicial attention was given the question by the depariment. “Fhe
“rather uncertain staws of the istand was clarificd, however, by 1he
~ courts as the result of a riot. Tn 183y some Negro laborers attacked their

white bosses, and the superintendent and several of his assistants were
killed. At the request of the American consul at Kingston, famaica, a

“British war ship was sent 1o the island w0 maintain order and the U. 8. 8.

Kearsarge brought the Negroes 1o Baltimore wheee they were ried and

. convicted of murder under the guano act of 1856, Ther counsel sougla

to stay the exceution on the grounds thin the law of 1856 was uncun-

» stitutional, that the island did not appertain 1o the United Stues, and
that the United States court had no jurisdiction over crimes commiued

on Navassa. The case passed 10 the Supreme Court which retused

- accept these contentions and decided that “the istnd of Navassa must

be considered as appertaining to the United States™t
The last link in the rather subinerged chain binding the ishand i ihe
United States was forged in the twenticth century. Although guano

“digging ceased during the first decade and Navassa was 1o all intents

abandoned, the State Department did nat admit any change in i status,
In fact it was not long before this cather moribund inccrest i the “ap-
purtenance™ was revived.  As the Panama Canal was approaching com-

- plevion, Navassa assumed s new importance. The islaind Liy in a irear

sca lanc from New York to Panama and was the fiest land(all sighted
by ships sailing northward from Panama 1o New York. lis position
made it a menace (o shipping and plans werc initiated o set up a warn-
ing light upon it.

General George W. Gardan, Represcatative from Tenunessee, intro-
duced a bill 10 erect a light housc 1o serve as a monument to Matthew
Fontaine Maury; it was proposed 1o build this structure on Navassa.
In duc course a congressional committee stopped 0 view Navassa and
Represcntative Esch was moved o poetical expression. One of his
stanzas expressed his hope: ’

T'rhe repoet of Joaes 1 U. S, is in 137 Uo S Repuris, 30a+3ay. See aba a paphiben
The Naracsa bbund Rior (Nahunme, (KR), pablinhed by she Navondd Gramd 'V ilwin e,
Onlor Wl Gl i Tl i taee nioney {or the aledemne. g the Caotn 10 selie
Bon Nasv s wis aced o 3 hosr manl she veeodutie e mnd s Aser, o it

for vihaing U, 8. law (Reersed Srar . s, §286) thoichy, 1o s8N soine ki o

Duannmcans were repanied as mcupring the nlawed and prcsenong ihe s ok e

Nuvasa Phosphute Compane (o Laeding.  Nes stion was aben, gaana dizging by
ware alwnit over, amd the cmpany nearly detuint. Even the Hatiams alundosed dhe
island.  When the Plosphate Company went into the hands ol o ccceiver it fights were

* CIA-RDP86-00178R000100060011-2 - Qeesr ol Intermatiomad Lase, 1. 537.
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The Lyons-Seanard Ticaty of 1502

Ox April a5, 1862, an Anglo-American treaty coneernng the Mo
sLave trace was unanimously catilied by the Scnate ol the Hited Suaes
Its conclusion’ accorded well with the general policy ol the Lancoln al
ministeation. To legistate against the slave trade was an obvious way ol
conciliating all shades of Republican fecling in the staes, without olfend-
ing the Union Democrats. To conclude with Great Britain a convention
of the kind she had so frequently suggested was also & means ol en-
listing British sympathy for the Nordh. Uil the outbreak of the Givil
Woar the United Staes had always repubsed any propasabs-invetuing the
search of American vessels by Britsh warships engaged e huaniiig
davers. She now agreed o permit the practice in certaim seas, but the
Sceectary af State wis carclul to let it be known that the convennon had
been “lrecly offered by this government w Great Britain, not bought
solicited™!  Seward's statement was apparendly contirmed by the treaty
papers laid before Congress and Parliament.? and this version of the
stary has hitherto been anquestioned. s semtional inaccaracy s, how-
ever, revealed hy a stady of the secear corespasudence between Lord
Lyons, British minister at Wshington, and the British forcign wthice
printed below.?

In the spring of 1801, the American cruiser sqquadron stationed off
Woest Africa, under the werms of the Webster-Ashbuon teay (4832),
had been withdrawn 1o assist in the Southern Blockade. 1o e
came more diflicult than ever w prevent the slavers, plymg between
Aleica and Cubu, fron sheltering under v Aniencan g, Ascaly
May 1o, 1861, Sceretary Sew aeh b the Boalo s Wosbingien
Jie hie v willivgg tr b wune sHernaive o tod proted
ing the Stars and Strpes fron s abiise. Land Lyons was pntiaetee
1 Seward 0 Peery, U, 8. Miniscr e Spua, A, 2 dBz, pubibild on Doco v b

37 Cong., 3 ansee Houie Esce. Doci., vol. [P IS PR LT L Y A B
253 Cunga 3 5., Sea. Esec. D ol Vo me, 37 Pard. Papesi Jlamnand 3etmele
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MEMO

T0: R.T. Heiderstadt]
FROM:  C. Vandrei( \/

DATE: 8/20/81
RE: Translation of French Article on the History of Navassa Island

cc: G. Strobel, C. Ferris.dﬁ;wjrono!ongf NI-287 File

Bibliographic Citation
Montague, Ludwell Lee, :
1940 "LaNavase'’ .Revue De La Societe d'Histoire Et Geographie d'Haiti.

pp- 1-24, Volume 12, No. 37. Port Au Prince, Haiti; V. Valcin
Impreur. '

The following is a general summafy of important poings in the article.

This article attempts to relate the controversy over ownership of
Navassa to Haitian and Caribbean politics in general, It begins with a dis-~
cussion of U.S. needs for fertilizer and attempts by the U.S. to negotiate

with Peru for rights to guano.

In 1854 an unidentified American discovered deposits of guano on the
Isle of Aves (birds) a desert island in the Lesser Antilles. This island is
located 147 miles east of Dominique and 300 miles north of Venezuela. The
island was occupied by two American companies who began mining the guano.
Venezuela claimed that %he guano was their property but this was found to
be a mistake as an island on the Venezuelan coast has the same name.

Americans in Philadelphia tried to arrange a monopoly through an
However, the

ageny in Caracas by compensating the Venezuela government.
The

American group was. in fact expelled by a Venezuelan naval expedition.
U.S. eventually renounced its claim to the island and Venezuela paid $130,000
compensation to the American company. Venezuela had based its claim on its
inheritance of original Spanish claim. This incident led to the eventual
passage of the Guano Island Act. This allowed U.S. citizens to claim unin-
habitated islands for guano mining purposes and authorized the President to
use force to enforce these claims. By 1885, 88 islagnds and groups of islands
were occupied under the terms of this act. Navassa is the third in the series.

U e e—————————
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Guano was discovered on Navassa in July 1857. It was claimed on

September 17 and on December 3 the State Department formally announced the
claimant, ceded his rights to guano expiora- -

By February 1958 Cooper had established a

claim. Duncan, the original
tion to Captain E.O0. Cooper.
mining operation on Navassa.

Haiti was enforced of the American operation by the French and British

Haiti claimed the island and sent a nava)l force to demand that

Consuls.
Cooper appealed to President

the Americans leave the island, they refused.
Buchanen in June 188. In July the U.S.S. SARATOGA was dispatched to Navassa
to protect American interests. The Saratoga arrived in August, but, a direct
confrontation was avoided in favor of diplomatic efforts. Haiti protested
through Benjamin C. Clarke, their commercial agent in Boston. He cited the ba-
<is for Haitianiclaim as the discovery of the island by Spain and the cession
of the area to France in the Treaty of Ryswick. The U.S. replied that, in
spite of this ‘the island was abandoned. He also said that the island was

used by Haitian fisherman, but, the Americans did not consider this in

their response.

It was not unt{l 1872 that the discussion was continued by Stephen

Preston, then the Haitian representative in the U.S. He researched Haitian

claims and American precedents in similiar cases and concluded that the
Haitians were entitled to compensation for the fourteen years of American

He based his argument on the facts used by Clark in

use of the island.
jues

1858 as well as mapé of Spanish explorations and the Treaty of Arran
He also cites Charlevoix's 1773 publi-

between France and Spain in 1777.
Preston

cation as evidence, although Navassa js not mentioned in the book.

v also referred to the Haitian Constitution of 1805, which mentions terri-

tories and islands under Haitian sovereignity. The Haitian Constitution

of 1806 only mentions "adjacent jslands.® Again Navassa is not mentioned

specifically.

Preston further argued that the case of Navassa was similiar to the
case of Cazo Verde (1859) and Alta Vela {1868) in which the U.S. was in
illegal possession of guano jslands. He also stated that if the Americans
could claim uninhabited islands in the Aleutians and the Florida Keys then .
Haiti has an equal right to establish a valid claim to Navassa. U.S.

Secretary of State Fish replied that Preston's arguments substantiated U.S.

claims more than Haiti's. He dismissed Preston's arguments as irreveiant.
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In response, Preston attempted to press his previous arguments fur-

ther as well as adding affadavits from Haitian fishermen who has used
Navassa as early as 1920. Again the U.S. dismissed the Haitian arguments,
stating that they accepted Coopers claim and that Cuba and Jamaica could
also claim the island if the presence of fishermen gcould establish owner-

ship.

The article goes on to discuss the involvement of Jamaica in the
Navassa controversy as well as the already known activities of the Navass?
Phosphate Company. Haiti again became involved when after the employee
revolt in 1890 they protested the Supreme Court decision that app]iéd
the laws of the United States to Navassa.

Hajti continued to feel a need for revenge. This was fulfilled in
1898 when this island (Navassa) was evacuated for fear of a Spanish attack.
The Americans left behind considerable valuable material. Sailing boats
from Jamaica, Haiti and Inagur regu1ar1y stopped there to obtain items.
The loss amounted to 2,500 dollars. The Campany recovered 79 dollars at
public auction. The remainder of these goods were sold to Admiral Killich
of the Haitian Navy for 500 dollars. The goods consgisted of provisions,
hardware, Jumber, tools, 7 boats, a steam engine, 2 mules and 200 to 400
goats. The Company did not survive the loss.

The U.S. retained its rights to Navassa and with the opening of the
Panama Canal, the island became a hazard to navigation. Therefore a Tight-
house was established there, beginning operations in 1917.

CV/bam
8/24/81

-~
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BY 1. ROBERT ESHLEMAN,* W4QCW

myself put Navassa Island on the air for the

first time’ post war. The island had been
represented briefly by K4N1 of Navassa Light in
the 1920s. Qur efforts resulted in some 1300
Q=0s, but due to low sunspot activity the results
were disappointing. In 1937 another group of
leenagers visited the islend and made several
hundred Q30s during an eight-hour stay, The
Iast legitimale DXpedition to Navassa took
place in 1938, In the early 60s the U.S. Const
Guard abruptly altered its policy of permitting
amateur visits 1o the islands. As the yenrs passed
Navassa became rarer and rarer until a recent
survey by the Geoff Watts 1DX news sheet listed
Navasss as the most wanted country — ahead
of Albania and Iraq’

In 1964, a former dental schoolmate, Ernie

IN August of 1934, W4VZQ, WN4HBC and

Hendry, K4CAIl, began to mnke a concerted

eflort to persuade the Coast Guard to reverse
their position. Two vears later Frank Harris,
WALHTR, and myself joined in the effort. An
urauthorized DXpedition to Navassa that same
Vear only served to strengthen the Coast Guard’s
resolve 14 continue to deny permission for visits
to the island. The return of Barry Goldwater
to the Senate last vear renewed hopes that the
rigid position of the Coast Guard would be
niodified. The splendid cooperation of the Coast
Guard in making the Heard Island, VKOWER,
operation possible also raised hopes of & policy
change.

Whatever the reason, the persistent efforts of
Ernie, K4CAH, Herb, W4KET, and Loy,
-;3716 Draheshire Rd., Richmond, Va. 23234,

86 .

W\MMMMMMN\~W“

Between January and March this vear, W4QCW knocked off more than the
necessary S00 contacts to hecome first holder of the new 5BDXCC award — and
then topped it off by Joining a DXpedition. Here's the story of K4IA'KCd.

W4PJG, were rewarded when Commander H. C.

- Wyatt sent Ernie a letter in late May informing

him that as of June 22, 1969, permission would
be granted for small groups to visit Navassa.

Ed toller, K41A, was dispatched to Kingston,
Jamaica, to arrange a charter and to ‘carry one
of the three beams we would need. A 6U-foot
twin diesel belonging to Hill's Deepsea Fishery
Ltd. was chartered for a five-day period begin-
ning June 21.

Planning

With less than four weeks until our scheduled
departure and with the members of the group
separated by as much as a thousand miles, plan-
ning such a major trip was a big task. Two
factors eased this situation greatlv. The group
kept nightly schedules on 35350 and 72035. Second-
ly, a group of amateurs in Kingston headed by
Chuck Brydges, W1WXZ, were making arrange-
ments for customs and Jocal transport. They also
secured most of the food, drink, gasoline and
camping gear which our party of twelve would
require. By this time ten amateurs, K4CAH,
K4FU, K41A, KV4FZ, W4b)s, W4KET,
W4PIG, W4QCW, W4USQ, WA4HTR, and two
biologists were committed to make the trip.

On Saturday morning, June 21, nine members
of the group and nearly one-half ton of material
were assembled at the PAA counter in Miami.
Thanks to some previous arrangements made
by the Florida gang with PAA, we were only
charged eighty dollars in excess baggage. “‘Never
was so much earried by so many for so little!”

QST for
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At Kingston we were met by Chuck Brydges,
W4WXZ, communications officer at the Aneri-
can Embassy, sud a contingent of Vamaican
amateurs, 6Y3s CB, JR and LA. By the time we
bad finished our complitnentary glass of tropical
punch, Chuck had moved our mountain of
equipment through customs without a hitch.
Minutea later a small motoreads "hended for
Liovd'a (6YSELA) place. We chianged into our
“land” clothea aud then split up; saveral shiop-
ping for last-minuts items including fresh food
and the rest of us going down to Pier Zero to load
our gear snd supplies sboard the AMiss Jekyll
She was & 60-foot single diesel fishing boat. The
twindiesel vessel we originally chartered had
been captured by the Colombians the preceding
week. The significance of the substitution of &
single diesel vessel for a twin diesel didn’t dawn
on most of us until the following morning. Al-
though it appeared that sleeping space would be
at a premium for the seven crew members and
our party of twelve, there was plenty of extra
space in the ship's hold. This extra space was
filled with crushed ice, & luxury few DXpeditions
of this type experience. With the loading opera-
tion finished we al} headed uptown for something
to eat and to do a little souvenir shopping, leav-
ing Tom and Gene, the University of Florida
biologists, aboard to guard our gear.

When we returned at 2200 GMT expecting to
gail within an hour, Tom greeted us with a long
fnce. During our absence A minor Jamaican im-
migration othecial had vixited the boat and learned
of our trip. He informed Tom that the Miss
Jekyll was not hicensed to carry passengera and
we did not bave work permits enabling us to go
as crew members; therefore, the trip was off.
Up until this point everything had gone so
smoothly that I could hardly believe I was actual-
1y on a DXpedition. Problems just like this had
delayed the first Navassa DXpedition for eleven
days.

Ernie and Chuck left immediately to try to
clear the obstacle. When they still hadn't re-
turned thirty minutes later, Herb, KV4FZ, gave

NSO RN e

Dale, W4DQS5, five-to-one odds that we wouldo’t
muke the trip. Clearly, this was the low point of
the trip. A few minutes later Ernie and Chuck
were back with good news; everything had beeo
smoothed over. Instead of leaving immediately
the captaio delayed us another “hour until two
mure crew members were rounded up. Finally

" at 2400 GMT Snturday evening we got under-

way. This should put us within sight of Navass
Ly sunrise aud there by 1100 or 1200 GMT, vven
if things went slower than eapected.

Under Way

When I could still see Jamaican coast six hours
underway 1 began to suspect our arrival time
would be somewhat later than expected. By this
time about a third of the group was afflicted
with seasickness. We were bucking both the
wind and the current and progress was ants-
gonizingly slow. The seas were running about
ten feet at this point and I knew from past
experience a landing at unprotected Lulu Bay
would be impossible unless the seas calined down
appreciably, By 1500 we still had not made
landfall and the captain gecided his estimates
of wind and currents wery wrong. We changed
our course from east to north and churned along
for three more hours before Navassa was spotted
straight ahead. Fortunately, the swells were only
running three to four {eet ny we cast anchor about
200 yards froun the landing. Dale and 1, the two
Navasin veternny, were gecorded the dubious
honwor of being the first to be sent ashore aboard
8 very dilapidated looking twelvefoot runabout.
About twenty trips were required to transfer our
party of twelve plus several tons of supplies

“ashore. Each of us had to scramble up a wire rope

lndder suspended from a catwalk thirty feet
above the water. All of our precious equipment
and supplies were handlined up to the catwalk
by three Jamaicans with unbelievable stamina,
Working without gloves in ternperatures around
100°, these sturdy fellows brought up every single
package without a mishap. Unloading operations
lasted from 1930 until after 0100 GMT with

At left, W4PIG (1.) ond W4USQ opercting the phona pmiﬁc.ms whils ot the right, W4KET (1] ond K4IA hold down the
C.w. positions.

December 1969
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-Ernie in the true tradition of a captain the last

one to leave ship and come ashore.

Herb, W4KET, Dale and I had the multiband
vertical up and the first station on the air in just
over an hour. We opened up on 7205 at 2040
GMT .with 6Y5LA followed by WA4WIP our
QSL manager. As more fellows came ashore we
were able to get two more antennas up, a forty
meter inverted vee and a triband three element
beam. This gave us three stations for the first
night's aperation, :

When the pile-ups subsided a bit by midmorne
ing Monduy, the two cw atations and their an-
teimas were moved about 100 yards to & apot
overlookiog Lulu Bay. This eliminated about 05
percent of our interference problem especially
when we were using cw and ssb on the same band.
Antennas at the cw station consisted of a 3-el
triband beam on a 23-foot mast, a multiband
vertical and a 600-foot Jong wire across Lulu Bay.
At the ssb station we had another 3-element

‘tribander st 23 feet, a 2-element tribander

at 23 feet, and separate inverted vees for 40 and
75. With a few exceptions, the cw stations were
manned” by Ed, K4IA, Hank, K4FU, Dale,
W4DQS, and Herb, W4KET. The ssb stations
were manned by Ernie, K4CAH, Lou, W4PIG,
Bob, W4USQ, and Frank, WA4HTR. Herb,
KV4FZ, and I were designated as multimode
operators and put in time at both locations.

Monday afternoon the USCG Hollyhock pulled
into Lulu Bay and sent a party ashore. Although
our bheer supply was dwindling rapidly, Ernie
decided to ofier cold beer to every crew member
who came ashore with the hope that this would
assure Coast Guard eooperation for future DX-
peditions to Navassa. Later that evening a
grateful crew sent us two gallons of chocolate ice
cream.

In many respects Monday was our big day.
We had a four-hour, ten-meter opening to the
States which produced hundreds of QS0s. Herb,
KV4FZ, made the first 160-meter QSOs ever
recorded from Navassa, and the 80-meter sta-
tions were solidly activated. Sunday night 80

]

We entrusted our fives to this litle boat without realizing
that the transom wos proctically rotted oufl The litle
runobout fell opart os we looded her aboard ship for
the trip home.

58
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cw was tried briefly with the vertical but was
given up due to our extremely poor signal On
75-meter ssb I was able to hit QSO rates as high
as 40 per bour with a barefoot transceiver and
an inverted vee with the apex at only 20 feet
Numerous west coast stations, as well as ON1UN
and GI3OQR, were worked on 75. Our only
serious mishap occurred Monday afternoon when
Ernie slipped and fell into a rocky crevice while
crecting a forty-meter antenna. Fortunataly,
our medical kit contained some pain killers and
muscle relaxants and we were abile to make our
patient reasanably comfaortable. A wellrqupped
medieal kit saved the DApedition from posabile
cancellation after lesa than 24 houms operation.

Tuesday morning the eaptain of the Hollyhock
and several crew members came ashore to finish
the maintenance on the lighthouse. Ernie, Lou
and I were permitted to climb the lighthouse with
several members of the crew. Unfortunately
there was no possibility of using this magnificent
140-foot mast as an antenna support. There is
over one-half mile of steep rugged terrain bee
tween the landing and the lighthouse and besides
permission could not be obtained for its use. The
CG men departed around midmorning. Three
bours later I was surprised to see the Hollyhock
sailing back and forth aloug the south side of the
island. At 1900 GMT s telegram was delivered
to Ernie from the 7th District CG in Miami and
he was requested to accompany the crew back
to the Hollyhock. Without our knowledye several
of the Jamaicans had captured some goats and
taken them aboard the Afiss Jekyll. The Jamai-
cans were required to gjve up their hard-earned
prize. We felt sorry for the poor Jamaicans and
we were also concerned that the incident might
mar the excellent amatear-Coast Guard relations
which had existed up to this point.

Tucsdxy night was very productive on all
bands with the exception of ten meters, but
Wednesday morning found us begging for con-
tacts. Ten meters was flat and fifteen was not
much better. Ernie polled the group on tbewr
wishes for a departure time. Should we tear
down Wednesday afternoon and aim to get
underway by dusk or should we tear down early
Thursday morning hoping to make Kingston
before midnight? The temptation of a soft bed
and some good food was too much — the vote
was eight to two in favor of leaving.

The really hard work of reloading was once
again handled by the Jamaicans, who handlined
all our equipment and supplies from the catwalk
to the runabout thirty feet below. Ernie kept the
last station on 13-meter ssb until 2000, when it
too had to be dismantled. Four hours later we
hauled anchor and headed for Kingston. The
return trip took only thirteen hours. Apparently
Jamaica is a slightly easier target than Navassa!
The climax to the whole affair took place in &
little Chinese restaurant in Kingston Thursday
night where the K4IA/KC4 gang plus W4WXZ,
6YS5DW, 6Y5JR, 6Y3LA and 6Y5SR drank

numerous toasts and consumed mountains of

food.

QST for
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Hsaving been on several previous DXpeditions
and having knowledge of numerous other opera-
tions, I frankly wondered at the outsel how ten
fellows could make such a trip and return as
friends. Surely someone would hog the stations
or be generally obnoxious. Certainly we did
experience minor tensions aund disngreernents,
but the fact that Ernie, K4CAH, had been
clearly desigusted s the lender of the group
prevented any of these incidents from becoming
major blowups. Future multioperator DXpedi-
tions would do well to minke note of this fact.

The 11,162 QS0x mnde in under 72 hours
operation paust certainly be a record for n
X pedition of such short duration, if not for all
DXpeditions. The tremendous demand for
Q303 on bands other than 20 meters can be at
least partly attributed to interest in the new
5BDXCC award. Once again the savvy of the
average DXer was demonstrated. QSO rates of
100-150/hour were not uncommon. Directional
calls were honored and no difficulty was expe-
rienced in keeping schedules with hometown
stations.

In closing I would especially like to thank
Herb Reaves, W4KET, and Frank Harns,
WA4HTR, for essistance in the preparation of
this story.

!

The Naovano lighthouss was built in 1913,

KA4ANI Navassa Is]aﬁd——1928

America called me and offered me a job as

Radio Operator aboard the 5SS Catherine of
the Bull Insular Line in San Juan, P.R. The ship
carried passengers and freight between San Juan,
Santo Domingo, end St. Thomas, Fredrickstad
and Christianstad in the Virgin Islands. 1 was
taken to Puerto Rico as passenger on one of the
Bull Insular line freighters, and passage was
guaranteed back to the U.S.A. On arrival at
€an Juan, P.R. I found that I was 2nd Operator
and A. J. Croner was First Operator.

After about four months on the inter-island
run, we both got tired of it and noticing on the
bulletin board st the San Juan Post Office open-
ings as Radio Operators and Lighthouse Keepers
at Navassa Island, 9th US Lighthouse District,
we both applied, passed the examination and
were shipped to Navassa Island aboard the Light-
house Tender Acacia. Before 1 left, I had one
of the radio operators on one of the freight
ships buy me a 32-20 Savage rifle and 1000
rounds of ammunition and I sent home for my

2_gauge double-barrel shot gun and 22 cal. rifle,
as there were wild goats and wild pigeons and
doves on the island. 1 also brought along my
experimental rudio gear that I was testing on

Iv January 1928 the Radiomarine Corp. of

® 7524 Battle Grove Circle, Baltimore, Marylsnd 21222,

December 1969
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BY RUSSELL DUNAJA.,* W3BBF

bosrd the Cathrrine (mostly superregenerative
receivers). -

On arrival, we were hoisted vat of the cargo
boat in a carga sling and found the island was in
two levels. The first level was about 25 feet
above the sea and a narrow-gsuge railway ran
to the next leve!l and the push cars were pulled
up the steep incline by a winch and steel cable
and a Bull DDag gas engine. The pext level ran
to the dwelling and lighthouse. 1 guess the
length of the railway was about 2} to 3 miles.

The island was mostly limestone rock with the
holes filled with guano which in the 1800s was
shipped as fertilizer to Baltimore in sailboats.
There were thousands of baoby birds nesting in
the trees. The island was coyered with wild palm
and wild fig trees and also a8 poisonous tree
similar to sumac. Near the lighthouse were
several papaya trees with delicious fruit and also
wild limes. There were alsa wild peppers which
were hot enough to burn your insides out. Of
course, we had to try out our rifles and shot
several wild goats and pigeons. The goats were
stuffed with garlic to Lill the wild taste and
roasted and didu't taste tgo bad. There was &
boat with supplies at the islnud every three
months and we ordered our supplies to last six

- months. Most of the food was dried fruit &nd

vegetables also canned food and smoked meats

59
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The Author (1928)

28 we had no refrigeration. The fishing also
was very good and we caught red snappers,
small baracudas, and several other tropical fish.
I also caught iand erabs at night when they
came aut of their holes to eat grass. These were
put in a box for several days and fed potato
peelings to get rid of the griss taste, They wore
boiled in salt water and didn't taste bad. At
night the erabx would erawl into the house and
had to be swept out in the moruing,

A. J. Croner left after 8 few months as he
caught a rash similar to poison ivy. Two other
Puerto Rican keepers were on the island with
me and one of them had some chickens. After
the feed was gone, the chickens had to eat
cockroaches (about 134” long) and scorpions
&nd otber bugs. (No more chicken for me!) The
power supply here was & 110 Vdc Delco plant with
storage batteries and also a Bull Dog gas engine
belted to & 4 kW 110 Vde generator. The trans-
mitter was 8 2 kW' Navy Standard quenched
spark set with a 500-cycle motor generator. The
antenns was a “L" type flat top 4-wire from the
160-foot lighthouse tower to a 60-foot telephone
pole. The receiver was a Navy Standard with
2 stages of audio. The frequencies were 355 ke.
and 500 ke. and with heavy static NAW Guanta-
namo Bay, Cuba, could not be worked. Qur call
was WWEA and later WSZ.

About this time the UX 222 screen grid tube
came out and one was ordered. A tin cracker box
with a hinged top was used and a shield partition
was suldered in, The coils were wound on old
tube bases, The detector was a UV 199 with the
UX 222 rf Stage. This was hooked up to the two-
stage rudio amplifier. All kinds of SW brosdcast

60
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stations were picked ugi o the coils were trimmed
to 14 Mc band :nd sistons ell over the world
were heard. The next thing was gel permission
to put up the amateur station and the call K4XNI
was received. An 852 was ordered and also s
Cardwell 500upF tranzmitting condenser. With
plenty of 3i-inch cupper tubing on band =
high-C Hurtley coil was wound. A 12V storape
battery wns used for the lament and a 3000-v.- ¢
tap was tnken off the spark transformer (Spars
transformer). The antenna was an §0-meter
Zepp from the top of the tower to a 60-foot
telephone pole. The sprenders for the feeders
were wood hoiled in Leeswax. The power was
500 cycles ac but due to the high-C circuit the
wave was not too brosd. Hundreds of amateurs
sll over the world were worked and a schedule
was kept with NKF at Washington, D). C. Teasts
with NK¥ were run and wavelength was lowered
until we were on 13 meters which was as low as
the transmitter would go (capacitor all the way
out). Later, tests with an SM station was tried
and it was possible to work him with oaly & 45V
‘“B" battery for plate supply. That changed me
to dc and I sent bome for my surplus aireraft
dynamotor (1500V, 233mA), which was belted
to the big MG set and 1 went on the air with
purede.

1 had to keep light watch every third night and
this gave me plenty of time to operate. Also I had
to take weather observations and send them to
NAW Guantanamo Bay on 355 ke spark (about
90 miles away). I had a postcard size Kodak with
rae aud took a lot of pirtures of the isiaod. The
QSI. card wns a pieture of the Lighthouse with
the call K4NT on it, but I #oun ran out of ¢anis
and & Jot of stations didn't get QSIa,

The Jight wns kerasene gas with gas manties
and was turned by weights which hnd @ be
wound up about twice a night. The grocerien
came from the comiizsary st Guantanamo Buy
and it cost us about 10 to 15 dollurs & month
to live. The water supply was rain water which
was caught in a cistern. We received our mail
every three months when the supply boat ar-
rived.' I was to stay on the island 8 months and
then get 3 months leave with pay, but as a new
automatic light was installed using acetelene gas
I was asked to stay 18 months with 6 montha
leave with pay. So in 1829 K4N1 was dismantled.
The 2-kW spark was surveyed by the Navy and
dumped overboard. The 500-cycle MG set and
the Delco plant were removed from the island.
We were taken back to San Juan, P.R.

We were the last lighthouse keepers on Navassa
Island, as the light was now entirely automatie.
After » few weeks in Puerto Rico I took passage
to Baltimore, Md. pnd later got transferred to
Lightships 5th Lighthouse District Bslumare,
Md. as Radio Opepator. I wish to thank the
hundreds of amateur radio operators that made
the stay on the island a pleasure and also am
sorry I could pot QSL 100%,. It was a lonely
life with only 8 of ps on this island only about
8 mies square. Without amateur radio 1 would
not bave stayed. [os=3

QST for
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THE GEOLOGY OF NAVASSA ISLAND

R. V. BURNE, W. T. Horsrirrd, anNp E. RosiNsON

Department of Geology,
University of the West Indies,
Kingston, Jamaica

AssSTRACT: Navassa Island shows two erosional raised terrace leveis at about
20m and 60m which are tilted to the porth west. The main rocks are Eocene

shelf limestones.
diagenetic crust,

which the pisolith nuclei are composed of volcanic ash fragments.

. These have suffered some soclution and are covered by a
sccretionary palaeosols, and red-brown pisclitic deposits in

It is

concluded that Navassa Is not an atoll, as has been suggested, but insiead is
an uplifted fragment of an Eocene shelf which may have extended as far east

as Haitl.

INTRODUCTION

]A\’ASSA Island (Lat. 18924'N. Long.
55901'W.) lies in the Jamalca Passage,
between the jslands of Jamaica and
Hispaniola. It rests on a submarine ridge,
oi 700 metres average depth, which forms
an extension of the Haijtian Peninsula de
la Hotte.

The island is, by tradition, Haitian, but
has been effectively controlled by the U.S.A.
since the discovery of commercial phospha-
te deposits by an American citizen in 1837.
Tne sovereignty of the island is still a
matter of discussion. Xt has been unin-
hahited since the lighthouse was rendered
fully automatic after World War 2, but was
formerly the home of phosphate miners
and coastguards.

The only available account of the geology
of Navassa is bascd on samples and
descriptions obtained during a visit by

~ — e tm————

Curib. J. Sci, 14 3-4). Dec. 1974,

\

100

G. R. _Procter, a botlanist from Jamalea

‘(appendices by L. J. Chubb, and D. J. Burns,

H. R. Versey and J. B. Williams to Procter
1859).

This paper outlines the results ol a brief
geological investigation of the Island made
possible by a visit from H.M.S. HECLA in
1872, during a geological investigation of
the Jamaica passage sponsored by CI.CAR.

MORPHOLOGY

The best available map of the Island is
the U.S. ESSA chart GS 953, and notes on
the topography of Navassa and the nature
of the surrounding sea are given in the
“West Indies Pilot,” (MacFarlane, 1933}.
This information has been supplemented
by our observations, gnd by the results of
an aerial <urvey carried out by a hehcopter
from H.2A.S. HECLA.

The isiand is pear shaped (Fig. 1), with
a Jong diameter of 3.5 km. Two well defined
terrace levels give it a striking profile
(Fig. 2). The highest, varying from 45 to
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77 m forms a central, north westerly tilted
plateau which covers most of the Island's
area. This terrace has a slightly raised
rim, and shows a hummocky topography,
with low limestone ridges a few metres
hich being separated by soil filled hollows,
small vertical sink holes, some up to 6 m
across and 5 m deep were common in parts
of this surface. The plateau is surrounded
by an escarpment which falls sharply to
the lower, Iringing terrace level This
escarpment is steep and rubbly, with
craggy cliffs on its upper part around the
southern and eastern coastlines. No
notches or sea caves were observed at the
base of this feature, but it was not possible
to walk the entire length of the cliff in the
tirme available. This cliff falls direcily into

“she sea at the north western point-of the

island, but everywhere else it is fringed by
a lower terrace, averaging 100 m in width,
at some 20 m above sea level. This terrace
also shows a north westerly tilt, with a
height differential of some 10 m between
its extreme ends. It is truncated by
steep to cverhanging coastal cliffs, deeply
notched at sea level. The sea at the
foot of these cliffs is deep (Fig. 1) and
there are no well developed shoaling reef
structures, except perhuaps at the north
west of the island. There are no beaches,
and access is galned by climbing a steel
rone ladder which is to be found suspended
from an overhanging crag in Lulu bay
(MacFarlance 1933). Bathymetric surveys
of the sea floor around Navassa indicate
that a submerged terrace, with an average
depth of 36 m, extends for about 1 km
offshore.

LITHOLOGIES

The rocks of Navassa Island fall into two
groups. The first is composed of marine
limestones which constitute most of the
is'land, and which are overlain by the
seccnd group ‘which cor:sists of a varlety
of crust and accretionary solls.

The dense, pure limestone is especially
rich in algal remains, with small masses
of encrusting coralline algae Leing par-
common. Massive corals are
found at various places in the limestone,

-
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but nowhere is there evidence of extensive
reef development. Molluscs are generally
found only as casts and moulds, and the
remains of fpraminifera and bryozoa ure
scattered throughout the litholozy. Thin
sections of the limestones show that the
structure of the originally high Mg-calcite
particles (coralline algae and foraminifera)
is generally recognisable, salthough they
have probably suffered incongruent Qis -
solution. The mollusc fragments (originally
aragonitic) have suffered extensive dis-
solution. Precinitation ¢of a spar cement
was ijollowed by the growth of an opague
mineral lining remaining cavities.

Burns, Versey, and Williams (in Procter
1959) identified the coral Montasirea an-
nuleris in the Navassa Island samples, fer
which they guoted an age span of Pliocene-
Recent. In the same work, Versey
compared the micro-facies of the Navassa
limestones with that of the Coastal Group
of Jamaica. He identified the foraminifera
Operculinoides and Heterostegina, and
concluded that the age of the limestone
lay in the range Miocene-Recent. Shallaw
water benthonic foraminifera from our
collections Include Amphistigena culensis
Paliner and Dorothea sp. The comrmon
massive coral of these limestones has heen
identified as Asirocoenia sp., a form casiiy
mistaken for BJontastrea eannularis in
recrystallised material, This faunal as-
semblage indicates that at least some of
the limestones are older than was thought
previously, and are of Eocene age. Similur
algae rich limestones occur in the Lower

" Middle Eocene succession of north eastern

Jamaica.

The environment of deposition of these
sediments was most probably and open
agitated shallow shelf with patchy develop-
ment of coral growth.

A search of the terrace surfaces failed to
reveal any evidence of the existence of a
Pleistocene platform encrusting facics
which might have been expected to have
developed ajong with the erosion of a
marine ierrace.

the Karst surface of the limestone
terraces is generally coated by a dense
1aminated calecite crust of varying thick ness
vaich also penetrates fissures and lines
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solution hollows. This crust may correspond
to the dense crust referred to by Multer %,

Hoffmeister (1%68), but there is no clear

evidence that it formed beneath a soil,
Small brecciated horizons occur within
some of these crusts, indicating penecon-
temporancous fragmentation and recemen-
tation of this material.

Reddish deposits may overlie this crust,
as well as flling irregular cavities in the
limestone surface, and penetrating along
joints and other fissures. These deposits
are of two types. The first is massive and
brick-like’ and may be traversed by a
network of paler tubes, which presumably
represent root moulds. This is interpreted
to be an accretionary palaeosol. The second
consists of red brown or purple pisoliths of
up to 2 mm diameter. On the lower terrace
this material is cemented by calcite, on
the higher terrace the pisoliths are un-
consolidated, and have accumulated in
hollows. Burns, Versey and Willlams
quote chemical analyses for this material
{in Procter 1959) which indicate that it is
rich in ealclum and aluminga, and contains
between 16, and 75, phosphate, and,
while pointing out affinities with the
mineral Sokolovite, concluded that it
was made up of a number of minerals
collectively rich in calcium and alumina.
Examination of calcite cemented pisolitic
material from our collection shows that
the pisoliths have nuclei of volcanic glass
fragments which in turn contain small
crystals of felspar. - The pisoliths have
formed by the concentric accretion of an
optically undeterminable red-brown mi-
neraloid about these nuclei. Some pisoliths
are fractured, and the fractures filled by
fibrovs crystals showing straight extinction.
The presence of volcanic ash as niuclei for
the pisoliths would help to explain some
of the problems of their chemistry. These
pisolitic materials presumably result from
the accumulation of volcanic ash on the
limestone surface, and the sub-aerial
precipitation of mineraloids around the
ash particles.

STRUCTURE

The only structures detected in the
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massive limestones were faults and joints.
On the south coast a small east-west
trending normal fault was seen displacing
the terrace surface southwards by just
over a metre. Unfortunately no detailed
measurement of these features was possitle
in the time available.

GEOLOGICAL HISTORY

The Eocene limestone of Navassa Island
was laid down In a shallow troplcal open
shelf area, with scatered development ot
coral heads, and no supgzly of terrigenous
sediments. After the lithi3cation and early
jointing of these limestones, relative move-
ments ¢f Navassa and the surrounding sea
level produced two erosive terrace levels,
at about 20 m, and 60 r=. as well as some
levels now submerged. Solution of tke
terrace surface was stcceeded by the
accumulation of voplgazic ash on the
island’s surface. Finally, Zaulting occurred,
displacing the terrace scrface. At some
stage after the formatioz of the terraces
the island became tilted to the north west.

\ 1t is not possible to date 2ither the terrace
formation or the tilting with the informa-
tion at our disposal.

Discussiaw

Chubb has demonstratzd the many si-
milarities between Navassa Island and
certain Pacific Islands, including Nauru,
which are uplifted atolls ¢in Procter 1959).

Althought the upper terrace of Navasse
does have a slight rim, we were unable
to detect any facies wariation in the
limestones that would sopport the sug-
gestion that they had peex deposited as an
atoil. They all indicatec ceposition on an
cpen shelf., '

A preliminary study of gravity and
magnetic data in the region of Navassa
fails to reveal any marxzad anomaly that
nmicht be expected if Navzssa were an atoll
founded on an old vol¢aric cone. Instead,
the bathymetry of thg region shows that
Navassa rises from a Submarine ridge
which extends westwayds to the Massif de
la Hotte. It is possiblg tkiat the limestones
of Navassa island were 1323 down on a shelt
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which stretched eastwards to Haiti. They ‘ REFERENCES

were clearly not formed on an atoll.
MACFARLARE, J. R. H. (compiler), 1933. The
Admiliralty, Hydrographic Dept., Sailing
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Fic. 2. Oblique aerial photograph of the north coast p! Navassa Island. The sheer cliff -3
of North West Point is at the right. The tlit is visible on the lower terrace
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